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(57) ABSTRACT 

A high-frequency power Supply system includes an anomaly 
detector 3 which detects an anomaly occurring in a circuit on 
the side of a load L as from an outputting end A of a high 
frequency power source 1. The anomaly detector 3 includes a 
first detector 21 which detects a voltage value Vf of a high 
frequency forward wave, a second detector 22 which detects 
a Voltage value Vr of a high-frequency reflected wave, a 
reflection coefficient calculator 23 and a differentiator 24 
which calculate a reflection coefficient differential value 
dT/dt from the forward wave voltage value Vf and the 
reflected wave Voltage value Vr, and an anomaly determiner 
25 which determines of an occurrence of an anomaly based on 
the reflection coefficient differential value dI/dt. When the 
anomaly detector 3 outputs an anomaly detection signal to the 
high-frequency power Source 1, high-frequency power Source 
1 stops its power output operation. 

44 Claims, 23 Drawing Sheets 
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HIGH-FREQUENCY POWER SUPPLY 
SYSTEM 

TECHNICAL FIELD 

The present invention relates to a high-frequency power 
Supply system for Supplying high-frequency electric power to 
a load, Such as a plasma processing apparatus, via an imped 
ance matching unit. 

BACKGROUND ART 

FIG. 23 shows a general configuration of a conventional 
high-frequency power Supply system. The power Supply sys 
tem includes a high-frequency power source 51 to output 
high-frequency power, an impedance matching unit 53 for 
matching the input impedance of the high-frequency power 
Source 51 with the load impedance, and a load L which is e.g. 
a plasma processing apparatus. The impedance matching unit 
53 is connected with the high-frequency power source 51 via 
a transmission line 52 provided by a coaxial cable. The load L 
is connected with the impedance matching unit 53 via a load 
connecting section 54 consisting of e.g. copper plates and 
shielded to prevent electromagnetic leakage. 
The high-frequency power Source 51 is an apparatus for 

Supplying the load L with high-frequency electric power. The 
high-frequency power Source 51 includes unillustrated com 
ponents such as a power amplification circuit and an oscilla 
tion circuit, and outputs high-frequency power of a predeter 
mined electric power to the impedance matching unit 53 via 
the transmission line 52. 

The impedance matching unit 53 matches the input imped 
ance, i.e. an impedance viewed from the matching units 
inputting end toward the high-frequency power source 51, 
with the load impedance, i.e. an impedance viewed from the 
matching units inputting end toward the load L. The imped 
ance matching unit 53 improves efficiency in Supplying the 
output from the high-frequency power source 51 to the load L. 
The load L is an apparatus for processing works such as 
semiconductor wafers and liquid crystal Substrates by means 
of etching, CVD, etc. 

In the above-described high-frequency power Supply sys 
tem, the load L fluctuates while the load L is supplied with the 
high-frequency power from the high-frequency power Source 
51, resulting in unmatched impedance between the high 
frequency power source 51 and the load L. In the high-fre 
quency power Supply system therefore, impedance matching 
between the high-frequency power source 51 and the load L is 
performed by automatically varying the impedance value of a 
variable impedance device (not illustrated) incorporated in 
the impedance matching unit 53 following the fluctuation of 
the load L. 
Now, the high-frequency power Supply system being as 

Such, imagine that the load L is provided by a plasma pro 
cessing apparatus and that a gas pressure change, an electric 
discharge temperature increase, etc. has triggered an arcing, 
an insulation breakdown or other abnormal state which 
causes abrupt impedance change of the load L. When this 
happens, the high-frequency power Supply system or the 
impedance matching unit 53 can no longer catch up suffi 
ciently in its impedance matching operation, and sometimes it 
becomes impossible to match the impedances. In Such a case 
of unmatched impedance, a high-frequency power wave 
which is reflected back to the high-frequency power source 51 
becomes very big, to damage the high-frequency power 
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2 
source 51. Meanwhile in the load L, the damaged component 
can be destroyed further by continued supply of the high 
frequency power. 

In the high-frequency power Supply system, unmatched 
impedance also occurs in the connection line between the 
high-frequency power source 51 and the load Lifthere is poor 
insulation, broken insulation, poor contact in a connector or 
other abnormal situation in the transmission line 52, the 
impedance matching unit 53, etc. Once this happens, a power 
wave which is reflected back to the high-frequency power 
Source 51 becomes very big in the high-frequency power 
Supply system, to damage the high-frequency power source 
51 or exacerbate damage in the component where the abnor 
mal situation originated. 
Once such an anomaly occurs, it is desirable that some 

safety function takes place; for example the Supply of high 
frequency power may be stopped immediately. However, the 
conventional high-frequency power Supply system is not 
designed to detect such an anomaly as described above or run 
a safety function. 

In the field of high-frequency wave technology, parameters 
Such as reflection coefficient and return loss are known as 
indicators of power Supply efficiency to the load. By using 
these parameters it is possible to detect a reflected power 
wave which can damage the high-frequency power source 51. 
Based on this, it is possible as disclosed in e.g. JP-A 2000 
299198 Gazette to monitor the status of the load by using the 
reflection coefficient T. to detect abnormalities by checking 
e.g. if the reflection coefficientis greater than a predetermined 
reference value, and to run a safety function. 

However, a problem with this method is that the reflection 
coefficient should exceed the reference value in order for the 
anomaly to be recognized. Thus, there can be a situation 
where the reflection coefficient has changed and an anomaly 
has already occurred in the load yet the system has not deter 
mined that the situation is abnormal. In other words, this 
method does not have Sufficient response for safety purposes. 
For example, see FIG. 24 and FIG. 25 which show time 
course changes of a reflection coefficient. FIG. 24 shows a 
case where there is an abnormal, instantaneous Surge in the 
reflection coefficient within a range not exceeding the refer 
ence value. FIG. 25 shows a case where there is a series of 
intermittent Surges in the reflection coefficient within a range 
not exceeding the reference value. In Such cases as shown in 
FIG. 24 and FIG. 25, the abnormalities are not detected even 
if they exist in the load as a result of change in the reflection 
coefficient. Further, the abnormalities will not be detected 
until they have grown to an extent that the reflection coeffi 
cient is greater than the reference value. Thus, the method is 
not adequate as a method for safety functions. 

DISCLOSURE OF THE INVENTION 

It is therefore an object of the present invention to provide 
a high-frequency power Supply system which is capable of 
Solving or reducing the above-described problems in the con 
ventional art. 
A first aspect of the present invention provides a high 

frequency power Supply system for Supplying high-fre 
quency power from a high-frequency power Source to a load 
via an impedance matching unit. The system includes: a first 
detector for detecting information about a forward wave trav 
eling from the high-frequency power source toward the load; 
a second detector for detecting information about a reflected 
wave traveling from the load toward the high-frequency 
power source: a differentiator for calculating the change of 
the magnitude of reflection coefficient per unit time at a 
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detection point provided for the first and the second detector 
based on the information about the forward wave detected by 
the first detector and the information about the reflected wave 
detected by the second detector; and anomaly determiner for 
determining an occurrence of an anomaly on a side toward the 
load as from the detection point provided for the first and the 
second detector based on the change of the magnitude of 
reflection coefficient per unit time calculated by the differen 
tiator. 

Preferably, the anomaly determiner determines the occur 
rence of anomaly when the change of the magnitude of reflec 
tion coefficient per unit time exceeds a first predetermined 
reference value. 

Preferably, the anomaly determiner includes a counter for 
counting the number of times when the change of the mag 
nitude of reflection coefficient per unit time exceeds a first 
predetermined reference value, and determines the occur 
rence of anomaly when the number of times counted by the 
counter exceeds a predetermined norm number. 

Preferably, the high-frequency power Supply system fur 
ther includes a calculator for calculating the magnitude of 
reflection coefficient at the detection point provided for the 
first and the second detector based on the information about 
the forward wave detected by the first detector and the infor 
mation about the reflected wave detected by the second detec 
tor. The anomaly determiner determines the occurrence of 
anomaly on the side toward the load as from the detection 
point of the first and the second detector based on the change 
of the magnitude of reflection coefficient per unit time calcu 
lated by the differentiator and the magnitude of reflection 
coefficient calculated by the calculator. 

According to the above configuration, the following will 
take place: Specifically, while the high-frequency power 
Source Supplies the load with high-frequency power via the 
impedance matching unit, detection is made for a power 
value, a Voltage value and so on, i.e. information about the 
forward wave (hereinafter called forward-wave information) 
and about the reflected wave (hereinafter called reflected 
wave information) at any desired detection point inside the 
high-frequency power source, in the transmission line from 
the high-frequency power outputting end of the high-fre 
quency power source to the high-frequency power inputting 
end of the impedance matching unit, or inside the impedance 
matching unit. Then, based on the forward-wave information 
and the reflected-wave information, a change of the magni 
tude of reflection coefficient T per unit time (hereinafter 
called reflection coefficient differential value dI/dt) is calcu 
lated. 

Then, based on the reflection coefficient differential value 
dT/dt, determination is made on an occurrence of an anomaly 
on the side of the circuit toward the load as from the detection 
point of the forward-wave information and reflected-wave 
information. For example, an occurrence of anomaly on the 
side of the circuit toward the load as from the detection point 
of the forward-wave information and reflected-wave infor 
mation is affirmed when the reflection coefficient differential 
value dI/dt has exceeded a first predetermined reference 
value. As another example, an occurrence of anomaly on the 
side of the circuit toward the load as from the detection point 
of the forward-wave information and the reflected-wave 
information is affirmed when the reflection coefficient differ 
ential value dI/dt has exceeded a first predetermined refer 
ence value more times than a predetermined norm number. 
As described, the determination on an occurrence of 

anomaly on the side of the circuit toward the load as from the 
detection point of the forward-wave information and 
reflected-wave information is based on the reflection coeffi 
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4 
cient differential value dI/dt. Therefore, it is possible to make 
an anomaly determination within a quickest possible time 
even under situations shown in FIG. 24 and FIG. 25 for 
example, where an anomaly is caused by an instantaneous 
surge of the reflection coefficient or by a series of intermittent 
surges of the reflection coefficient. 

Preferably, the anomaly determiner determines the occur 
rence of anomaly when the magnitude of reflection coeffi 
cient exceeds a second predetermined reference value and the 
change of the magnitude of reflection coefficient per unit time 
exceeds a first predetermined reference value. 

Preferably, the anomaly determiner includes: a first counter 
for counting the number of times when the change of the 
magnitude of reflection coefficient per unit time exceeds a 
first predetermined reference value; and a second counter for 
counting the number of times when the magnitude of reflec 
tion coefficient exceeds a second predetermined reference 
value. The anomaly determiner determines the occurrence of 
anomaly when the number of times counted by the first 
counter exceeds a first predetermined norm number and the 
number of times counted by the second counter exceeds a 
second predetermined norm number. 

Preferably, the detection point provided for the first and the 
second detector is inside the high-frequency power Source, in 
a transmission line from a high-frequency power outputting 
end of the high-frequency power source to a high-frequency 
power inputting end of the impedance matching unit, or 
inside the impedance matching unit. 

According to the above configuration, while the high-fre 
quency power Source Supplies the load with high-frequency 
power via the impedance matching unit, detection is made for 
forward-wave information and reflected-wave information. 
Based on the forward-wave information and the reflected 
wave information, the magnitude of the reflection coefficient 
T and the reflection coefficient differential value dI/dt are 
calculated. Then, based on the magnitude of the reflection 
coefficient T and the reflection coefficient differential value 
dT/dt, determination is made on an occurrence of an anomaly 
on the side of the circuit toward the load as from the detection 
point of the forward-wave information and reflected-wave 
information. 

For example, determination is made on an occurrence of an 
anomaly on the side of the circuit toward the load as from the 
detection point, which is a location selected inside the high 
frequency power source, in the transmission line from the 
high-frequency power outputting end of the high-frequency 
power source to the high-frequency power inputting end of 
the impedance matching unit or inside the impedance match 
ing unit, when the magnitude of the reflection coefficient T 
has exceeded a second predetermined reference value and the 
reflection coefficient differential value dI/dt has exceeded a 
first predetermined reference value. As another example, an 
occurrence of anomaly on the side of the circuit toward the 
load as from the detection point in the transmission line is 
affirmed when the magnitude of the reflection coefficient T 
has exceeded the second reference value more times than a 
second predetermined norm number and the reflection coef 
ficient differential value dI/dt has exceeded the first reference 
value more times than a first predetermined norm number. 
As described, anomaly occurrence determination is made 

for the side of the circuit toward the load as from any desired 
detection point in the transmission line based not only on the 
reflection coefficient differential value dI/dt but also on the 
magnitude of reflection coefficient T, which improves accu 
racy in the above-described anomaly detection. 
A second aspect of the present invention provides a high 

frequency power Supply system for Supplying high-fre 
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quency power from a high-frequency power Source to a load 
via an impedance matching unit. The system includes: first 
detector for detecting information about a forward wave trav 
eling from the high-frequency power source toward the load; 
second detector for detecting information about a reflected 
wave traveling from the load toward the high-frequency 
power source; first differentiator for calculating a change per 
unit time of a magnitude of reflection coefficientata detection 
point provided for the first and the second detector based on 
the information about the forward wave detected by the first 
detector and the information about the reflected wave 
detected by the second detector; third detector for detecting 
an input Voltage to the load; fourth detector for detecting an 
input current to the load; second differentiator for calculating 
the change of the magnitude of impedance per unit time as 
viewed from a detection point provided for the third and the 
fourth detector toward the load based on the input voltage 
detected by the third detector and the input current detected 
by the fourth detector; and anomaly determiner for determin 
ing an occurrence of an anomaly on a side toward the load as 
from the detection point provided for the third and the fourth 
detector based on the change of the magnitude of reflection 
coefficient per unit time calculated by the first differentiator 
and the change of the magnitude of impedance per unit time 
calculated by the second differentiator. 

Preferably, the anomaly determiner determines the occur 
rence of anomaly when the change of the magnitude of reflec 
tion coefficient per unit time exceeds a first predetermined 
reference value and the change of the magnitude of imped 
ance per unit time exceeds a third predetermined reference 
value. 

Preferably, the anomaly determiner includes: first counter 
for counting the number of times when the change of the 
magnitude of reflection coefficient per unit time exceeds a 
first predetermined reference value; a third counter for count 
ing the number of times when the change of the magnitude of 
impedance per unit time exceeds a third predetermined ref 
erence value. The anomaly determiner determines the occur 
rence of anomaly when the number of times counted by the 
first counter exceeds a first predetermined norm number and 
the number of times counted by the third counter exceeds a 
third predetermined norm number. 

According to the above configuration, the following will 
take place: Specifically, while the high-frequency power 
Source Supplies the load with high-frequency power via the 
impedance matching unit, detection is made for a power 
value, a Voltage value and so on, i.e. forward-wave informa 
tion and reflected-wave information at any desired detection 
point inside the high-frequency power source, in the trans 
mission line from the high-frequency power outputting end of 
the high-frequency power source to the high-frequency 
power inputting end of the impedance matching unit, or 
inside the impedance matching unit. Then, based on the for 
ward-wave information and the reflected-wave information, 
the reflection coefficient differential value dI/dt is calculated. 

Meanwhile, detection is made in the transmission line from 
inside the impedance matching unit to the load, for an input 
Voltage and an input current to the load. Based on these input 
Voltage and input current, calculation is made for a change of 
the magnitude of impedance Z per unit time (hereinafter 
called differential value dZ/dt of the impedance Z). 

Then, based on the reflection coefficient differential value 
dT/dt of the reflection coefficient Tand the differential value 
dZ/dt of the impedance Z. determination is made on an occur 
rence of an anomaly on the load side. For example, an occur 
rence of anomaly on the load side is affirmed when the dif 
ferential value dI/dt of the reflection coefficient T has 
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6 
exceeded a first predetermined reference value and the differ 
ential value dZ/dt of the impedance Z has exceeded a third 
predetermined reference value. As another example, an 
occurrence of an anomaly on the load side is affirmed when 
the differential value dI/dt of the reflection coefficient Thas 
exceeded a first predetermined reference value more times 
than a first predetermined norm number and the differential 
value dZ/dt of the impedance Z has exceeded a third prede 
termined reference value more times than a third predeter 
mined norm number. 
As described, use of the differential value dI/dt of the 

reflection coefficient Tand the differential value dZ/dt of the 
impedance Z in the detection of anomalies enables reliable 
detection of anomalies on the side of load L. Specifically, an 
anomaly occurrence in the circuit toward the load as from an 
outputting end of the high-frequency power Source is detect 
able by obtaining the differential value dI/dt of the reflection 
coefficient T; however, it is difficult to specifically identify 
anomalies occurring only in the load from the differential 
value dI/dt of the reflection coefficient Talone, because the 
circuit from the outputting end of the high-frequency power 
Source to the load contains the transmission line and the 
impedance matching unit. On the other hand, it is difficult to 
detect anomalies in the load by measuring the impedance Z 
alone at an inputting end of the load because impedance in the 
load will fluctuate more or less while the load is processing a 
work and so the measurement will not give a reliable refer 
ence value for anomaly determination. Thus, according to the 
present invention, not only the differential value dI/dt of the 
reflection coefficient T but also the differential value dZ/dt of 
the impedance Z are obtained, whereby anomalies happening 
specifically within the load are detected reliably. 
The third reference value for the change of the magnitude 

of impedance per unit time may be smaller or greater than a 
normal value. If a value smaller than the normal value is 
selected for the third reference value, the time when the 
calculated value exceeds the third reference value is the time 
when the calculated value has become smaller than the third 
reference value. Likewise, if a value greater than the normal 
value is selected for the third reference value, the time when 
the calculated value exceeds the third reference value is the 
time when the calculated value has become greater than the 
third reference value. 

Preferably, the high-frequency power Supply system fur 
ther includes calculator for calculating a magnitude of reflec 
tion coefficient at the detection point provided for the first and 
the second detector based on the information about the for 
ward wave detected by the first detector and the information 
about the reflected wave detected by the second detector. The 
anomaly determiner determines the occurrence of anomaly 
on the side toward the load as from the detection point of the 
third and the fourth detector based on the change of the 
magnitude of reflection coefficient per unit time calculated by 
the first differentiator, the magnitude of reflection coefficient 
calculated by the calculator and the change of the magnitude 
of impedance per unit time calculated by the second differ 
entiator. 

Preferably, the anomaly determiner determines the occur 
rence of anomaly when the change of the magnitude of reflec 
tion coefficient per unit time exceeds a first predetermined 
reference value, the magnitude of reflection coefficient 
exceeds a second predetermined reference value and the 
change of the magnitude of impedance per unit time exceeds 
a third predetermined reference value. 

Preferably, the anomaly determiner includes: a first counter 
for counting the number of times when the change of the 
magnitude of reflection coefficient per unit time exceeds a 
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first predetermined reference value; a second counter for 
counting the number of times when the magnitude of reflec 
tion coefficient exceeds a second predetermined reference 
value; and a third counter for counting the number of times 
when the change of the magnitude of impedance per unit time 
exceeds a third predetermined reference value. The anomaly 
determiner determines the occurrence of anomaly when the 
number of times counted by the first counter exceeds a first 
predetermined norm number, the number of times counted by 
the second counter exceeds a second predetermined norm 
number and the number of times counted by the third counter 
exceeds a third predetermined norm number. 

According to the above configuration, while the high-fre 
quency power source Supplies the load with high-frequency 
power via the impedance matching unit, detection is made for 
forward-wave information and reflected-wave information, 
and based on these forward-wave information and reflected 
wave information, calculation is made for the magnitude of 
reflection coefficient Tand the differential value dI/dt of the 
reflection coefficient T. Meanwhile, an input voltage and an 
input current to the load are detected, and based on these input 
voltage and the input current, the differential value dZ/dt of 
the impedance Z is calculated. Then, determination is made 
on an occurrence of an anomaly in the circuit on the load side, 
based on the magnitude of reflection coefficient T, the differ 
ential value dI/dt of the reflection coefficient T and the dif 
ferential value dZ/dt of the impedance Z. 

For example, an occurrence of an anomaly in the load side 
circuit is affirmed when the reflection coefficient differential 
value dI/dt has exceeded a first predetermined reference 
value, the magnitude of the reflection coefficient T has 
exceeded a second predetermined reference value and the 
differential value dZ/dt of the impedance Z has exceeded a 
third predetermined reference value. As another example, an 
occurrence of an anomaly in the load side circuit is affirmed 
when the reflection coefficient differential value dI/dt of the 
reflection coefficient Thas exceeded the first predetermined 
reference value more times than a first predetermined norm 
number, the magnitude of the reflection coefficient T has 
exceeded the second predetermined reference value more 
times than a second predetermined norm number and the 
differential value dZ/dt of the impedance Z has exceeded a 
third predetermined reference value more times than a third 
predetermined norm number. 
As described, anomaly occurrence determination on the 

load-side circuit is based not only on the differential value 
dT/dt of the reflection coefficient Tand the differential value 
dZ/dt of the impedance Z but also on the magnitude of reflec 
tion coefficient T, which improves accuracy in the above 
described anomaly detection. 

Preferably, the detection point provided for the first and the 
second detector is inside the high-frequency power source, in 
a transmission line from a high-frequency power outputting 
end of the high-frequency power source to a high-frequency 
power inputting end of the impedance matching unit, or 
inside the impedance matching unit. The detection point pro 
vided for the third and the fourth detector is in a transmission 
line from inside the impedance matching unit to the load. 
A third aspect of the present invention provides a high 

frequency power Supply system for Supplying high-fre 
quency power from a high-frequency power Source to a load 
via an impedance matching unit. The system includes: first 
detector for detecting information about a forward wave trav 
eling from the high-frequency power source toward the load; 
second detector for detecting information about a reflected 
wave traveling from the load toward the high-frequency 
power source: a logarithmic reflection coefficient calculator 
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8 
for calculating a logarithm value of a reflection coefficient at 
a detection point provided for the first and the second detector 
based on the information about the forward wave detected by 
the first detector and the information about the reflected wave 
detected by the second detector; a logarithmic reflection coef 
ficient storage for storing the reflection coefficient logarithm 
value calculated by the logarithmic reflection coefficient cal 
culator in Succession at a predetermined time interval; and 
anomaly determiner for determining an occurrence of an 
anomaly on a side toward the load as from the detection point 
provided for the first and the second detector based on the 
latest value and the previous value stored in the logarithmic 
reflection coefficient storage. 

Preferably, the anomaly determiner determines the occur 
rence of anomaly when the latest value stored in the logarith 
mic reflection coefficient storage is not smaller than a fourth 
predetermined reference value and the previous value stored 
in the logarithmic reflection coefficient storage is not greater 
than a fifth predetermined reference value. 

Preferably, the anomaly determiner includes a fourth 
counter for counting the number of times when the latest 
value Stored in the logarithmic reflection coefficient storage is 
not smaller than a fourth predetermined reference value and 
the previous value stored in the logarithmic reflection coeffi 
cient storage is not greater than a fifth predetermined refer 
ence value, and determines the occurrence of anomaly when 
the number of times counted by the fourth counter exceeds a 
fourth predetermined norm number. 

Preferably, the detection point provided for the first and the 
second detector is inside the high-frequency power Source, in 
a transmission line from a high-frequency power outputting 
end of the high-frequency power source to a high-frequency 
power inputting end of the impedance matching unit, or 
inside the impedance matching unit. 

According to the above configuration, the following will 
take place: Specifically, while the high-frequency power 
Source Supplies the load with high-frequency power via the 
impedance matching unit, detection is made for a power 
value, a Voltage value and so on, i.e. forward-wave informa 
tion and reflected-wave information at any desired detection 
point inside the high-frequency power source, in the trans 
mission line from the high-frequency power outputting end of 
the high-frequency power source to the high-frequency 
power inputting end of the impedance matching unit or inside 
the impedance matching unit. Then, based on the forward 
wave information and the reflected-wave information, a loga 
rithm value (log T) of the reflection coefficient T is calculated. 
The logarithm value log T of the reflection coefficient T is 
stored in Succession in the storage at a predetermined time 
interval At. 

Then, anomaly occurrence determination is made on the 
basis of how the logarithm value changes within a unit time, 
i.e. based on the latest and the logarithmic previous values of 
the log T of the reflection coefficient T in the storage. 

It should be noted that the differential value dI/dt of the 
reflection coefficient T is not utilized here unlike in the other 
configurations. This is because the logarithm value log T of 
the reflection coefficient T changes by different amounts 
depending on whether the reflection coefficient T is in a 
Small-value range or in a large-value range and therefore, it is 
not possible to determine if a given amount of change is 
abnormal or not by a simple comparison to a reference value. 
Thus, in order to enable instantaneous detection of anomalies 
without using the differential value dI/dt of the reflection 
coefficient r, a similar method to the one for obtaining a 
reflection coefficient differential value is used, i.e. the latest 
value and the previous value of the reflection coefficient in the 
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storage are used to see how the value changes within the unit 
time, as a base for the determination on an occurrence of an 
anomaly in the circuit on the load side as from the detection 
point of the forward-wave information and reflected-wave 
information. 

For example, an occurrence of an anomaly on the side of 
the circuit toward the load as from the detection point of the 
forward-wave information and reflected-wave information is 
affirmed when the latest value in the storage is not smaller 
than a fourth reference value and the previous value stored in 
the logarithmic reflection coefficient storage is not greater 
than a fifth predetermined reference value. As another 
example, an occurrence of an anomaly on the side of the 
circuit toward the load as from the detection point of the 
forward-wave information and reflected-wave information is 
made when the above-described events, i.e. that the latest 
value is not smaller than the fourth reference value and the 
previous value stored in the logarithmic reflection coefficient 
storage is not greater than the fifth predetermined reference 
value, has happened in excess of a fourth predetermined norm 
number. 
As described, the above configuration makes use of loga 

rithm, and therefore can accept high-frequency inputs over a 
wide range. Another advantage is that the calculation of the 
logarithm value log T of the reflection coefficient T can be 
made by Subtraction, i.e. Subtracting a logarithm value of the 
forward-wave information from the logarithm value of the 
reflected-wave information. There is no need for providing a 
division circuit, which enables to simplify the circuit con 
struction. 
A fourth aspect of the present invention provides a high 

frequency power supply system for supplying high-fre 
quency power from a high-frequency power Source to a load 
via an impedance matching unit. The system includes: first 
detector for detecting information about a forward wave trav 
eling from the high-frequency power source toward the load; 
second detector for detecting information about a reflected 
wave traveling from the load toward the high-frequency 
power source: a logarithmic reflection coefficient calculator 
for calculating the logarithm of the magnitude of reflection 
coefficient at a detection point provided for the first and the 
second detector based on the information about the forward 
wave detected by the first detector and the information about 
the reflected wave detected by the second detector; a logarith 
mic reflection coefficient storage for storing the reflection 
coefficient logarithm value calculated by the logarithmic 
reflection coefficient calculator in Succession at a predeter 
mined time interval; third detector for detecting an input 
Voltage to the load; fourth detector for detecting an input 
current to the load; second differentiator for calculating the 
change of the magnitude of impedance per unit time as 
viewed from a detection point provided for the third and the 
fourth detector toward the load based on the input voltage 
detected by the third detector and the input current detected 
by the fourth detector; and anomaly determiner for determin 
ing an occurrence of an anomaly on a side toward the load as 
from the detection point provided for the third and the fourth 
detector based on the latest value and the previous value 
stored in the logarithmic reflection coefficient storage, and 
the change of the magnitude of impedance per unit time 
calculated by the second differentiator. 

Preferably, the anomaly determiner determines the occur 
rence of anomaly when the latest value stored in the logarith 
mic reflection coefficient storage is not smaller than a fourth 
predetermined reference value, the previous value stored in 
the logarithmic reflection coefficient storage is not greater 
than a fifth predetermined reference value and the change of 
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10 
the magnitude of impedance per unit time exceeds a third 
predetermined reference value. 

Preferably, the anomaly determiner includes: a fourth 
counter for counting the number of times when the latest 
value Stored in the logarithmic reflection coefficient storage is 
not smaller than a fourth predetermined reference value and 
the previous value stored in the logarithmic reflection coeffi 
cient storage is not greater than a fifth predetermined refer 
ence value; and a third counter for counting the number of 
times when the change of the magnitude of impedance per 
unit time exceeds a third predetermined reference value. The 
anomaly determiner determines the occurrence of anomaly 
when the number of times counted by the fourth counter 
exceeds a fourth predetermined norm number and the number 
of times counted by the third counter exceeds a third prede 
termined norm number. 

Preferably, the detection point provided for the first and the 
second detector is inside the high-frequency power Source, in 
a transmission line from a high-frequency power outputting 
end of the high-frequency power source to a high-frequency 
power inputting end of the impedance matching unit, or 
inside the impedance matching unit. The detection point pro 
vided for the third and the fourth detector is in a transmission 
line from inside the impedance matching unit to the load. 

According to the above configuration, the advantages of 
using logarithm is offered and further, use of the differential 
value dZ/dt of the impedance Z enables reliable identification 
and detection of anomalies occurring specifically in the load. 
A fifth aspect of the present invention provides a high 

frequency power Supply system for Supplying high-fre 
quency power from a high-frequency power Source to a load 
via an impedance matching unit. The system includes: first 
detector for detecting information about a forward wave trav 
eling from the high-frequency power source toward the load; 
second detector for detecting information about a reflected 
wave traveling from the load toward the high-frequency 
power source; reflection coefficient calculator for calculating 
a magnitude of reflection coefficient at a detection point pro 
vided for the first and the second detector based on the infor 
mation about the forward wave detected by the first detector 
and the information about the reflected wave detected by the 
second detector, reflection coefficient storage for storing the 
reflection coefficient value calculated by the reflection coef 
ficient calculator in Succession at a predetermined time inter 
val; and anomaly determiner for determining an occurrence 
of an anomaly on a side toward the load as from the detection 
point provided for the first and the second detector based on 
the latest value and the previous value stored in the reflection 
coefficient storage. 

Preferably, the anomaly determiner determines the occur 
rence of anomaly when the latest value stored in the reflection 
coefficient storage is not smaller than a sixth predetermined 
reference value and the previous value stored in the reflection 
coefficient storage is not greater than a seventh predetermined 
reference value. 

Preferably, the anomaly determiner includes a fifth counter 
for counting the number of times when the latest value stored 
in the reflection coefficient storage is not smaller than a sixth 
predetermined reference value and the previous value stored 
in the reflection coefficient storage is not greater than a sev 
enth predetermined reference value, and determines the 
occurrence of anomaly when the number of times counted by 
the fifth counter exceeds a fifth predetermined norm number. 

Preferably, the detection point provided for the first and the 
second detector is inside the high-frequency power Source, in 
a transmission line from a high-frequency power outputting 
end of the high-frequency power source to a high-frequency 
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power inputting end of the impedance matching unit, or 
inside the impedance matching unit. 

According to the above configuration, the following will 
take place: Specifically, while the high-frequency power 
Source Supplies the load with high-frequency power via the 
impedance matching unit, detection is made for a power 
value, a Voltage value and so on, i.e. forward-wave informa 
tion and reflected-wave information at a desired detection 
point inside the high-frequency power source, in the trans 
mission line from the high-frequency power outputting end of 
the high-frequency power source to the high-frequency 
power inputting end of the impedance matching unit or inside 
the impedance matching unit. Then, based on the forward 
wave information and the reflected-wave information, a 
reflection coefficient T is calculated. The reflection coeffi 
cient T is stored in Succession in the storage at a predeter 
mined time interval At. 

Then, anomaly occurrence determination is made on the 
basis of how the reflection coefficient changes within a unit 
time, i.e. based on the latest and the previous values of the 
reflection coefficient T in the storage. 

For example, an occurrence of an anomaly on the side of 
the circuit toward the load as from the detection point of the 
forward-wave information and reflected-wave information is 
affirmed when the latest value is not smaller than a sixth 
reference value and the previous value stored in the logarith 
mic reflection coefficient storage is not greater than the sev 
enth predetermined reference value. As another example, an 
occurrence of an anomaly on the side of the circuit toward the 
load as viewed from the detection point of the forward-wave 
information and reflected-wave information is affirmed when 
the above-described event, i.e. that the latest value is not 
smaller than the sixth reference value and the previous value 
stored in the logarithmic reflection coefficient storage is not 
greater than the seventh predetermined reference value, has 
happened in excess of a fifth predetermined norm number. 
As described, the determination on an occurrence of 

anomaly on the side of the circuit toward the load as from the 
detection point of the forward-wave information and 
reflected-wave information is based on the same idea as using 
the reflection coefficient differential value, i.e. finding how 
the reflection coefficient has changed within a unit time by 
using the latest and the previous storage values. Therefore, it 
is possible to make anomaly determination within a quickest 
possible time even under situations shown in FIG. 24 and 
FIG. 25 for example, where an anomaly is caused by an 
instantaneous Surge of the reflection coefficient or by a series 
of intermittent surges of the reflection coefficient. 

Further, a reference value for the latest value in the storage 
and a reference value for the previous value in the storage are 
provided. This makes possible to make the definition of 
anomaly simpler and clearer. 
A sixth aspect of the present invention provides a high 

frequency power Supply system for Supplying high-fre 
quency power from a high-frequency power Source to a load 
via an impedance matching unit. The system includes: first 
detector for detecting information about a forward wave trav 
eling from the high-frequency power source toward the load; 
second detector for detecting information about a reflected 
wave traveling from the load toward the high-frequency 
power source; reflection coefficient calculator for calculating 
a magnitude of reflection coefficient at a detection point pro 
vided for the first and the second detector based on the infor 
mation about the forward wave detected by the first detector 
and the information about the reflected wave detected by the 
second detector, reflection coefficient storage for storing the 
reflection coefficient value calculated by the reflection coef 
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12 
ficient calculator in Succession at a predetermined time inter 
val; third detector for detecting an input Voltage to the load; 
fourth detector for detecting an input current to the load; 
second differentiator for calculating the change of the mag 
nitude of impedance per unit time as viewed from a detection 
point provided for the third and the fourth detector based on 
the input voltage detected by the third detector and the input 
current detected by the fourth detector; and anomaly deter 
miner for determining an occurrence of an anomaly on a side 
toward the load as from the detection point provided for the 
first and the second detector based on the latest value and the 
previous value Stored in the reflection coefficient storage, and 
the change of the magnitude of impedance per unit time 
calculated by the second differentiator. 

Preferably, the anomaly determiner determines the occur 
rence of anomaly when the latest value stored in the reflection 
coefficient storage is not smaller than a sixth predetermined 
reference value, the previous value stored in the reflection 
coefficient storage is not greater than a seventh predetermined 
reference value and the change of the magnitude of imped 
ance per unit time exceeds a third predetermined reference 
value. 

Preferably, the anomaly determiner includes: a fifth 
counter for counting the number of times when the latest 
value stored in the reflection coefficient storage is not smaller 
than a sixth predetermined reference value and the previous 
value Stored in the reflection coefficient storage is not greater 
than a seventh predetermined reference value; and a third 
counter for counting the number of times when the change of 
the magnitude of impedance per unit time exceeds a third 
predetermined reference value. The anomaly determiner 
determines the occurrence of anomaly when the number of 
times counted by the fifth counter exceeds a fifth predeter 
mined norm number and the number of times counted by the 
third counter exceeds a third predetermined norm number. 

Preferably, the detection point provided for the first and the 
second detector is inside the high-frequency power Source, in 
a transmission line from a high-frequency power outputting 
end of the high-frequency power source to a high-frequency 
power inputting end of the impedance matching unit, or 
inside the impedance matching unit. The detection point pro 
vided for the third and the fourth detector is in a transmission 
line from inside the impedance matching unit to the load. 

According to the above configuration, the advantages of 
using the latest and the previous values of the reflection coef 
ficient in the storage are offered and further, use of the differ 
ential value dZ/dt of the impedance Z enables reliable iden 
tification and detection of anomalies occurring specifically in 
the load. 

Preferably, the high-frequency power Supply system fur 
ther includes an output power changer for changing an elec 
tric power outputted from the high-frequency power source in 
a decreasing direction upon detection of an occurrence of 
anomaly by the anomaly detector. 

Preferably, the output power changer Zeroes the electric 
power outputted from the high-frequency power source upon 
detection of the occurrence of anomaly by the anomaly detec 
tOr. 

Preferably, the high-frequency power Supply system fur 
ther include an output power resumption unit for bringing the 
electric power outputted from the high-frequency power 
Source back to an original amount after a lapse of a first 
predetermined time from upon the change made by the output 
power changer on the output power. 

Preferably, the high-frequency power Supply system fur 
ther includes a matching operation stopping unit for stopping 
a matching operation performed by the impedance matching 



US 7,796,368 B2 
13 

unit and holding operation parameters upon the change made 
by the output power changer on the output power from the 
high-frequency power source. 

Preferably, the high-frequency power Supply system fur 
ther includes a first determination prevention unit for prevent 
ing the anomaly determiner from performing a determining 
operation upon determination of the occurrence of anomaly 
by the determiner, throughout a period of time while the 
output power changer changes the power output from the 
high-frequency power Source and the output power resump 
tion unit brings the power output back to the original amount, 
and further until a second predetermined time period has 
passed. 

Preferably, the high-frequency power Supply system fur 
ther includes second determination prevention unit for pre 
venting the anomaly determiner from performing a determin 
ing operation upon commencement by a user of a power 
Supply operation of the high-frequency power Source or upon 
a change made by a user on an output power value setting 
during power Supply operation, until a second predetermined 
time period has passed. 

Preferably, the second predetermined time period is longer 
than a time for the impedance matching unit to perform 
impedance matching between the high-frequency power 
Source and the load. 

Preferably, the information detected by the first detector is 
a power value of the forward wave and the information 
detected by the second detector is a power value of the 
reflected wave. The information detected by the first detector 
is a voltage value of the forward wave and the information 
detected by the second detector is a voltage value of the 
reflected wave. 

Other characteristics and advantages of the present inven 
tion will become clearer from the following description of 
embodiments of the present invention to be made with refer 
ence to the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a configuration of a high-frequency power 
Supply system according to Embodiment 1 of the present 
invention. 

FIG. 2 is a diagram for describing time points for genera 
tion of anomaly detection signal, etc. 

FIG.3 shows a relationship between reflection coefficient 
differential values and a reference value. 

FIG. 4 shows a configuration of a high-frequency power 
Supply system according to Embodiment 2 of the present 
invention. 

FIG. 5 shows a relationship between impedance differen 
tial values and a reference value. 

FIG. 6 shows a configuration of a high-frequency power 
Supply system according to Embodiment 3 of the present 
invention. 

FIG. 7 shows a configuration of a high-frequency power 
Supply system according to Embodiment 4 of the present 
invention. 

FIG. 8 shows a configuration of a high-frequency power 
Supply system according to Embodiment 5 of the present 
invention. 

FIG. 9 shows a configuration of a high-frequency power 
Supply system according to Embodiment 6 of the present 
invention. 

FIG. 10 shows a relationship between reflection coefficient 
differential values and a reference value. 

FIG. 11 shows a relationship between reflection coefficient 
and time, for describing a variation of Embodiment 6. 
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14 
FIG. 12 shows a configuration of a high-frequency power 

Supply system according to Embodiment 7 of the present 
invention. 

FIG. 13 shows a relationship between impedance differen 
tial value and a reference value. 

FIG.14 shows a relationship between impedance and time. 
FIG. 15 shows a configuration of a high-frequency power 

Supply system according to Embodiment 8 of the present 
invention. 

FIG. 16 shows a configuration of a high-frequency power 
Supply system according to Embodiment 9 of the present 
invention. 

FIG. 17 shows a configuration of a high-frequency power 
Supply system according to Embodiment 10 of the present 
invention. 

FIG. 18 shows a configuration of an anomaly determiner 
according to Embodiment 10 of the present invention. 

FIG. 19 shows a relationship between reflection coefficient 
and time. 

FIG. 20 shows a configuration of a high-frequency power 
Supply system according to Embodiment 11 of the present 
invention. 

FIG. 21 shows a configuration of a high-frequency power 
Supply system according to Embodiment 12 of the present 
invention. 

FIG. 22 shows a configuration of a high-frequency power 
Supply system according to Embodiment 13 of the present 
invention. 

FIG. 23 shows a configuration of a conventional high 
frequency power Supply system. 

FIG.24 shows a relationship between reflection coefficient 
and time in the conventional system. 

FIG. 25 shows another relationship between reflection 
coefficient and time in the conventional system. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Preferred embodiments of the present invention will now 
be described below with reference to the drawings. 

FIG. 1 shows a configuration of a high-frequency power 
Supply system according to Embodiment 1 of the present 
invention. The system Supplies high-frequency power neces 
sary for processing Such works as semiconductor wafers and 
liquid crystal Substrates, for performing e.g. plasma etching. 
The high-frequency power Supply system includes a high 
frequency power Source 1, an impedance matching unit 2, an 
anomaly detector 3, a transmission line 4, a load connecting 
section 5 and a load L which is provided by a plasma process 
ing apparatus. 
The high-frequency power Source 1 is connected with the 

impedance matching unit 2 via the transmission line 4 pro 
vided by e.g. a coaxial cable. The impedance matching unit 2 
is connected with the load L (a plasma processing apparatus 
for example) via the load connecting section 5 provided by 
e.g. a copper plate which is shielded against electromagnetic 
leakage. In addition, the high-frequency power Source 1 is 
connected with the anomaly detector 3. Note that although the 
anomaly detector 3 is provided separately from the high 
frequency power source 1, this is not the only way: For 
example, the anomaly detector 3 may be inside the high 
frequency power source 1. Alternatively, the anomaly detec 
tor 3 may be inside the impedance matching unit 2. Still 
alternatively, the high-frequency power source 1 may include 
the impedance matching unit 2. 
The high-frequency power Source 1 is an apparatus for 

Supplying the load L with high-frequency power of a fre 
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quency not lower than e.g. a few hundreds of kilo Hertz. The 
high-frequency power source 1 includes a high-frequency 
wave generator/amplifier 11, a directional coupler 12 and a 
power source controller 13. 
The high-frequency wave generator/amplifier 11 generates 

high-frequency power to be supplied to the load L. The high 
frequency wave generator/amplifier 11 includes Such unillus 
trated circuits as a rectifier circuit, a smoothing circuit, a 
power amplification circuit and an oscillation circuit. The 
high-frequency wave generator/amplifier 11 rectifies and 
Smoothes an input Voltage (e.g. 200VAC) from e.g. an input 
power source thereby creating a DC voltage, then Switches 
and thereby converts the DC voltage into a predetermined 
high-frequency Voltage for output. The outputted high-fre 
quency Voltage is Supplied to the load L. via the directional 
coupler 12 and the impedance matching unit 2. 
The directional coupler 12 separates a high-frequency 

wave traveling from the high-frequency wave generator/am 
plifier 11 to the load L (hereinafter called forward wave) and 
a high-frequency wave reflecting from the load L (hereinafter 
called reflected wave), and detects each of the waves. The 
directional coupler 12 has an input port and three output ports 
from first through third. The input port is connected with the 
high-frequency wave generator/amplifier 11. The first output 
port is connected with the transmission line 4. The second 
output port and the third output port are connected respec 
tively with a first detector 21 and a second detector 22 of the 
anomaly detector 3 which is to be described later. 
The forward wave inputted from the input port is outputted 

from the first output port. The reflected wave inputted from 
the first output port is outputted from the input port. The 
directional coupler 12 detects the forward wave after attenu 
ating down to an appropriate level, and then outputs the wave 
from the second output port. Further, the directional coupler 
12 detects the reflected wave after attenuating down to an 
appropriate level, and then outputs the wave from the third 
output port. Therefore, the anomaly detector 3 has its first 
detector 21 supplied with the forward wave PF which is 
outputted from the second output port of the directional cou 
pler 12. The anomaly detector 3 has its second detector 22 
supplied with the reflected wave PR which is outputted from 
the third output port of the directional coupler 12. 

Although not shown in FIG. 1, the high-frequency power 
system according to the present embodiment includes an 
operation section which is provided with: an output start 
Switch for commencement of the high-frequency power Sup 
ply from the high-frequency power source 1; and an output 
power setting Switch for setting an output value of the high 
frequency power outputted from the high-frequency power 
source 1. When an operator operates the output start switch, 
an operation signal i.e. an output start signal is inputted, as 
shown in FIG. 1, into the power source controller 13 of the 
high-frequency power Source 1 and to an anomaly determiner 
25 of the anomaly detector 3. When the operator operates the 
output power setting Switch, an operation signal i.e. an output 
power setting signal is inputted to the power Source controller 
13 of the high-frequency power source 1 and to the anomaly 
determiner 25 of the anomaly detector 3. 

While the output start signal is present, the power source 
controller 13 outputs a command signal to the high-frequency 
wave generator/amplifier 11 whereby a forward wave power 
value which is obtained from the forward wave PF outputted 
from the directional coupler 12 is equated to an output power 
value which is set by the output power setting signal. It should 
be noted that the control operation achieved by the command 
signal outputted from the power source controller 13 to the 
high-frequency wave generator/amplifier 11 may use, in 
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16 
addition to the forward wave power value, a reflected wave 
power value which is obtained from the reflected wave PR 
outputted from the directional coupler 12: In this case, a 
difference obtained by subtracting the reflected wave power 
value from the forward wave power value, i.e. the power value 
at the load L (forward wave power value minus reflected wave 
power value) is equated to the output power value specified by 
the output setting signal. 

Further, the power source controller 13 controls the high 
frequency wave generating operation of the high-frequency 
wave generator/amplifier 11 based on an anomaly detection 
signal inputted from the anomaly detector 3. As will be 
described later, the anomaly detector 3 outputs an anomaly 
detection signal upon detecting an anomaly in the circuit 
which is on the side of the load L when viewed from an 
outputting end A of the high-frequency power source 1. 
Examples of the anomaly include insulation breakdown in the 
transmission line 4, poor insulation in the impedance match 
ing unit 2 and poor contact at a connector between the trans 
mission line 4 and the impedance matching unit 2. When the 
anomaly detection signal is inputted from the anomaly detec 
tor 3, the power source controller 13 stops the high-frequency 
power generation at the high-frequency wave generator/am 
plifier 11 for a predetermined period of time T. 
The impedance matching unit 2 matches the impedance of 

the high-frequency power Source 1 with the impedance of the 
load L. More specifically, assume that the impedance viewed 
from the outputting end A of the high-frequency power Source 
1 toward the power source (output impedance) is designed to 
be 5092, and the high-frequency power source 1 is connected 
with the input terminal B of the impedance matching unit 2 
via the transmission line 4 which has a characteristic imped 
ance of 5092. Then, the impedance matching unit 2 automati 
cally adjusts the impedance viewed from the input terminal B 
of the impedance matching unit 2 toward the load L as close 
to 502 as possible. Note that the value 502 for the charac 
teristic impedance is only an example for the present embodi 
ment, and the characteristic impedance is obviously not lim 
ited to be 5092. 
The impedance matching unit 2 generally includes an input 

detector 15, a matching unit controller 16 and a matching 
section 17. 
The input detector 15 detects a high-frequency voltage V 

and a high-frequency current I of the high-frequency wave 
(forward wave) inputted from the high-frequency power 
source 1 as well as a phase difference 0 between the two. The 
high-frequency Voltage V, the high-frequency current I and 
the phase difference 0 detected by the input detector 15 are 
then inputted to the matching unit controller 16. 
The matching unit controller 16 uses the high-frequency 

Voltage V, the high-frequency current I and the phase differ 
ence 0 which are inputted from the input detector 15, to 
calculate an input impedance Zin (impedance viewed from 
the input terminal B toward the load L), and controls variable 
impedance devices, i.e. variable capacitors VC1, VC2 (to be 
described later), in the matching section 17 so that the input 
impedance Zin will be 5092. More specifically, the matching 
unit controller 16 keeps the value VI/III within a predeter 
mined range, e.g. 50+5C2 while maintaining the phase differ 
ence 0 essentially being 0° through the control over the vari 
able capacitors VC1, VC2. 
The matching section 17 is provided by a TL connection 

circuit of an inductor L1 and the variable impedance devices 
provided by the variable capacitors VC1, VC2. Each of the 
variable capacitors VC1, VC2 has a pair of opposed elec 
trodes, one of which is movable by an unillustrated driver i.e. 
an electric motor. By moving the movable electrode thereby 
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changing the area of overlap between the opposed electrodes, 
capacitance of each capacitor can be varied. Movement of the 
movable electrodes in the variable capacitors VC1, VC2 is 
controlled on the basis of control signals from the matching 
unit controller 16. 

With the above, the matching section 17 varies the capaci 
tance in each of the variable capacitors VC1, VC2 based on 
the control signal from the matching unit controller 16, 
thereby providing adjustment so the magnitude (absolute 
value) of the input impedance Zin stays within a predeter 
mined range (50+592 for example) and the phase difference 0 
is essentially 0°. In the present embodiment in FIG. 1, the 
matching section 17 uses a type in circuit configuration; how 
ever, the circuit configuration may be otherwise, such as type 
T, L, or inverted L. Further, the variable impedance devices 
may be provided by variable inductors instead of by variable 
capacitors. 
The matching unit controller 16 receives an operation dis 

abling signal from the anomaly detector 3. The operation 
disabling signal is a signal which prevents the matching unit 
controller 16 from performing the above-described matching 
operation. The signal may be a square wave signal which 
assumes HIGH level when disabling the matching operation. 
Upon detecting an anomaly, the anomaly detector 3 outputs 
the anomaly detection signal to the high-frequency power 
Source 1 while outputting to the matching unit controller 16 
the operation disabling signal which assumes HIGH level for 
the predetermined period of time T (See FIG. 2). With this 
arrangement, upon detection of an anomaly by the anomaly 
detector 3, the matching unit controller 16 stops the matching 
operation by the impedance matching unit 2 for the period of 
time in which the high-frequency power source 1 is paused. 
As described, the matching operation by the impedance 

matching unit 2 is stopped while the power outputting opera 
tion by the high-frequency power source 1 is paused. This is 
necessary in order to avoid a problem that without power 
output from the high-frequency power Source 1 the input 
detector 15 cannot detect the impedance Zin for automatic 
impedance matching. Another reason why the matching 
operation by the impedance matching unit 2 is stopped is to 
avoid a problem that allowing the impedance matching unit 2 
to do matching operation without power output will result in 
indefinite capacitance value settings in the variable capacitors 
VC1, VC2 in the matching section 17. In this situation the 
variable capacitors VC1, VC2 are likely to have capacitance 
values which represent a large un-match, and if this is the 
situation at the time when the high-frequency power Source 1 
resumes power output operation, it will become impossible to 
establish a matched State quickly. 

If the matching operation by the impedance matching unit 
2 is stopped while there is no power output, capacitance 
values of the variable capacitors VC1, VC2 will stay at 
adjusted values which were established right before the 
power output was stopped, and the values will not have a 
chance to be altered for a larger un-match. Thus, it becomes 
possible to establish a matched State quickly once the high 
frequency power source 1 resumes its power output opera 
tion. 

The load L is a plasma processing apparatus for processing 
works such as semiconductor wafers and liquid crystal Sub 
strates by means of etching, CVD, etc. The plasma processing 
apparatus provides a variety of processing environments 
depending on the purpose of process performed to the work. 
For example, when etching a work, the etching process is 
performed using a specific gas Suitable for the etching, at a 
specific gas pressure, at a specific electric power value of the 
high-frequency power, and a Supply time of the high-fre 
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quency power. In the plasma processing, a work is placed in a 
container (not illustrated), into which a plasma discharge gas 
is introduced. As the high-frequency power is Supplied, the 
plasma discharge gas discharges to turn the gas from non 
plasma State into plasma state. The work is processed using 
the plasma gas. 
The anomaly detector 3 detects anomalies in the load Las 

well as anomalies in the coaxial cable, i.e. the transmission 
line 4 and a coaxial connector provided at each end of the 
coaxial cable. Examples of the anomalies are poor insulation, 
insulation breakdown and poor contact. The anomaly detec 
tor 3 includes the first detector 21, the second detector 22, a 
reflection coefficient calculator 23, a differentiator 24 which 
calculates a change in the magnitude of reflection coefficient 
T per unit time, and an anomaly determiner 25 which deter 
mines if a given situation is abnormal or not based on the 
output from the differentiator 24. 
The first detector 21 rectifies an amplitude Vf of the for 

ward wave PF. The second detector 22 rectifies an amplitude 
Vr of the reflected wave PR. The first detector 21 and the 
second detector 22 are each provided by a conventional, unil 
lustrated diode detector-circuit which includes a diode and an 
RC low pass filter. The detected values Vf, Vr from the first 
detector 21 and the second detector 22 are inputted to the 
reflection coefficient calculator 23. Note that the first and the 
second detectors 21, 22 may have a different configuration, 
i.e. may be provided by other types of the rectifier circuit for 
example. 
The reflection coefficient calculator 23 calculates a reflec 

tion coefficient T=Vr/Vf from the amplitude Vf of the for 
ward wave PF inputted from the first detector 21 and the 
amplitude Vr of the reflected wave PR inputted from the 
second detector 22. The reflection coefficient calculator 23 
calculates a value of the reflection coefficient T by first con 
verting the amplitude Vf of the forward wave PF and the 
amplitude Vr of the reflected wave PR into digital amplitude 
values Df, Drusing an A/D converter (not illustrated) and then 
calculating Dr/Df. The reflection coefficient T is calculated at 
a predetermined time interval At. The obtained data on the 
reflection coefficient T is inputted to the differentiator 24. 

Alternatively, the reflection coefficient calculator 23 may 
generate an analog Vr/Vf signal. In this case, the generated 
analog signal is converted into digital data by an A/D con 
verter. The first detector 21 and the second detector 22 may be 
provided by power detection circuits. In this case, respective 
power detection circuits detect a power Wf of the forward 
wave PF and a power Wr of the reflected wave PR, and the 
reflection coefficient calculator 23 calculates (Wr/Wf)' to 
obtain the reflection coefficient T. 

The differentiator 24 obtains a change per unit time, of the 
magnitude of the reflection coefficient T given by the reflec 
tion coefficient calculator 23. In other words, the differentia 
tor 24 obtains the differentiation (dT/dt) of the reflection 
coefficient T. Hereinafter, the change of the reflection coef 
ficient T per unit time will be called the reflection coefficient 
differentiation dT/dt. 

For each input of the reflection coefficient T made by the 
reflection coefficient calculator 23 at a predetermined interval 
dt, the differentiator 24 calculates a difference dl=T2-T1 
between the previous reflection coefficient T1 and the new 
reflection coefficient T2, as well as dI/dt. It should be noted 
that if the reflection coefficient calculator 23 provides an 
analog form of signal for the reflection coefficient T, the 
differentiator 24 converts the reflection coefficient T from the 
analog form into digital form by using an A/D converter 
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before calculating dI/dt. The calculation result (dT/dt) given 
by the differentiator 24 is inputted to the anomaly determiner 
25. 
The anomaly determiner 25 determines on whether or not 

there is any anomaly occurring, based on the reflection coef 
ficient differentiation value dI/dt inputted from the differen 
tiator 24. Upon determination that there is, the anomaly deter 
miner 25 outputs the anomaly detection signal to the power 
source controller 13 of the high-frequency power source 1, 
indicating presence of an anomaly for a first predetermined 
time T (See FIG. 2) while outputting the operation disabling 
signal to the matching unit controller 16. 

Specifically, the anomaly determiner 25 compares the 
reflection coefficient differential value dI/dt with a predeter 
mined reference value which is preset. If the differential value 
dT/dt exceeds the reference value, the determiner determines 
that an anomaly exists in the circuit from the outputting end A 
of the high-frequency power source 1 toward the load L. and 
outputs an anomaly detection signal e.g. a high-level signal 
for the first predetermined time T. For example, assume that 
the reflection coefficient differential value dI/dt has changed 
as shown in FIG. 3. Then, the anomaly determiner 25 outputs 
the anomaly detection signal which assumes HIGH level for 
the predetermined time T, at a time point t1 when the reflec 
tion coefficient differential value dI/dt has exceeded the ref 
erence value. Note that FIG.3 also shows a time point t2, at 
which the reflection coefficient T takes an extremal. Since the 
anomaly determiner 25 detects anomalies based on the reflec 
tion coefficient differential value dI/dt, the anomaly detec 
tion is instantaneous, being quicker than anomaly detection 
based on the reflection coefficient T. 

Following the anomaly detection signal which indicates 
presence of an anomaly, the power source controller 13 stops 
generation of the high-frequency power by the high-fre 
quency wave generator/amplifier 11 for the predetermined 
time T. Also, the matching unit controller 16 disables the 
matching operation by issuing an operation disabling signal. 

After a lapse of the first predetermined time T since the 
determination that there was an anomaly, the anomaly deter 
miner 25 reverses the output level of the anomaly detection 
signal (See an indication point “a” in FIG. 2). Thus, the power 
Source controller 13 cancels the pause on high-frequency 
power output from the high-frequency power Source 1 and 
resumes high-frequency power output. Also, the anomaly 
determiner 25 reverses the output level of the operation dis 
abling signal to the matching unit controller 16 (See an indi 
cation point “b’ in FIG. 2). Thus, the matching unit controller 
16 resumes the matching operation. 

Further, the anomaly determiner 25 disables the anomaly 
determining operation for the first predetermined time T and 
further, until a second predetermined time period T has 
passed. Specifically, the anomaly determining operation is 
disabled from the time when presence of an anomaly is 
detected, for a period of time T+T". The second predetermined 
time T is a time obtained empirically or experimentally, 
which is believed to be longer than an estimated amount of 
time necessary for the impedance matching unit 2 to establish 
a state of Substantial impedance matching after the com 
mencement of high-frequency wave output from the high 
frequency power source 1. It should be noted that anomaly 
determining operation is also disabled until the second pre 
determined time period T has passed in other occasions; 
namely, when the high-frequency power output operation is 
first started, and when the high-frequency power output value 
setting has been changed to a new value. 
The time when the high-frequency power output operation 

is first started can be detected by monitoring the output start 
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signal. Likewise, whether or not the high-frequency power 
output value setting has been changed can be detected by 
monitoring the output power setting signal. 
A state of unmatched impedance can occur for a period of 

time right after the high-frequency power source 1 has started 
its high-frequency power output or right after the high-fre 
quency power output value setting has been changed during 
power Supply operation, even if there is no anomaly in the 
circuit from the outputting end A of the high-frequency power 
source 1 toward the load L. Under this state, the reflection 
coefficient T increases, and the state can be misjudged as 
abnormal. For this reason, anomaly determining operation is 
disabled for the second predetermined time period T. 
On the other hand, if an anomaly occurs while the imped 

ance matching unit 2 maintains the matched State, the 
anomaly is detected instantaneously by the anomaly detector 
3 using the reflection coefficient differential value dI/dt as 
described above, and the system stops the high-frequency 
output operation performed by the high-frequency power 
Source 1 and the matching operation performed by the imped 
ance matching unit 2. The anomaly detector 3 performs 
anomaly determining operation only after the high-frequency 
power source 1 has started high-frequency output operation 
(or resumed the operation after a pause) and the impedance 
matching unit 2 has essentially established a matched State. 
The anomaly determiner 25 is connected with an unillus 

trated alarm device for example, and the anomaly detection 
signal is inputted to the alarm device and the power source 
controller 13 of the high-frequency power source 1. Simulta 
neously with the anomaly detection signal, the impedance 
matching unit 2 is supplied with the operation disabling sig 
nal which has been inverted to HIGH level. Upon input of the 
anomaly detection signal, the alarm device announces the 
presence of anomaly by means of display or Sound. Mean 
while, as has been described, the high-frequency power 
Source 1 stops its high-frequency power output operation for 
the predetermined time Tupon input of the anomaly detection 
signal whereas the impedance matching unit 2 stops its 
matching operation for the predetermined time Tupon input 
of the operation disabling signal. 

Next, description will cover an anomaly detecting process 
in the high-frequency power Supply system according to 
Embodiment 1. 
When the power source for the high-frequency power 

Source 1 is turned ON for allowing the plasma processing 
apparatus (load L) to perform plasma processing, the high 
frequency power source 1 generates a predetermined high 
frequency power, which is Supplied to the load L. via the 
transmission line 4, the impedance matching unit 2 and the 
load connecting section 5. 
When the high-frequency power is inputted from the high 

frequency power Source 1 to the impedance matching unit 2. 
the impedance matching unit 2 detects the magnitude IVI/II 
of the input impedance Zin (impedance at the input terminal 
B) in the impedance matching unit 2, and the phase difference 
0 based on the inputted power. Based on the detected infor 
mation, the impedance matching unit 2 automatically adjusts 
the variable capacitors VC1, VC2 in the matching section 17 
So as to make the input impedance Zin equal to the charac 
teristic impedance 502. 

Right after the high-frequency power source 1 is started, 
i.e. right after the high-frequency power is inputted from the 
high-frequency power source 1 to the impedance matching 
unit 2, the input impedance Zin of the impedance matching 
unit 2 is usually out of the characteristic impedance (50C2), 
which means that the system is in an unmatched State. Once 
the impedance matching unit 2 starts automatic impedance 
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adjusting operation, the input impedance Zin is brought into 
a pre-set range of matching (50-5C2 for example) after a lapse 
of a predetermined period of time, e.g. in three seconds. 
Thereafter, the impedance matching unit 2 continues its auto 
matic adjusting operation by varying capacitance values of 
the variable capacitors VC1, VC2 in response to fluctuation in 
the impedance Z1 of the load L. So that the input impedance 
Zin will always stay within the predetermined range of 
matching. 
Once the high-frequency power source 1 starts Supplying 

high-frequency power, the directional coupler 6 separately 
detects the forward wave PF and the reflected wave PR of the 
high frequency wave, and inputs detected signals to the 
anomaly detector 3. The anomaly detector 3 calculates a 
reflection coefficient differential value dI/dt from the for 
ward wave PF and the reflected wave PR, and determines on 
whether or not an anomaly exists in the circuit from the 
outputting end A of the high-frequency power source 1 
toward the load L, based on the change in the reflection 
coefficient differential value dI/dt. In other words, as the 
high-frequency power Source 1 starts power Supply, the 
anomaly detector 3 starts watching for an occurrence of 
anomaly in the circuit from the outputting end A of the high 
frequency power source 1 toward the load L based on the 
change in the reflection coefficient differential value dI/dt. 

Note that the anomaly determining operation by the 
anomaly detector 3 is disabled for a period of time T+T (See 
FIG. 2) upon determination that an anomaly exists. Thus, the 
watch for anomalies by the anomaly detector 3 begins essen 
tially when the impedance matching unit 2 has completed its 
impedance matching adjustment and has started to maintain 
the matched state. 

Therefore, according to the present high-frequency power 
Supply system, impedance matching between the high-fre 
quency power source 1 and the plasma processing apparatus 
L is performed automatically by the impedance matching unit 
2 under a watch by the anomaly detector 3 for anomalies in the 
route from the outputting end A of the high-frequency power 
Source 1 toward the load L and thus, the high-frequency 
power from the high-frequency power source 1 is Supplied to 
the high-frequency powerplasma processing apparatus Lata 
maximum possible efficiency until the plasma processing 
apparatus L. finishes the plasma processing, i.e. until the 
power Supply from the high-frequency power Source 1 is 
turned off. 
Now, with the high-frequency power source 1 Supplying 

the load L with high-frequency power, assume that insulation 
breakdown, poor insulation, poor contact or other anomaly 
has occurred in the circuit from the outputting end A of the 
high-frequency power source 1 toward the load L. Such as in 
the transmission line 4, in a connector which connects the 
transmission line 4 with the high-frequency power Source 1 or 
with the impedance matching unit 2, inside the impedance 
matching unit 2, etc. The impedance changes at the point 
where the anomaly is present, resulting in increase in the 
reflected wave. 

For an anomaly which occurs in the route from the output 
terminal of the impedance matching unit 2 toward the load L. 
the impedance matching unit 2 performs automatic imped 
ance matching operation in response to the impedance fluc 
tuation on the load L side. The high-frequency power Supply 
system operates for the best of its ability in Supplying the load 
L with the high-frequency power while Suppressing the 
increase in the reflected wave which travels back toward the 
high-frequency power Source. If this state continues, the com 
ponent on the load L side, where the anomaly originated, will 
continue to receive the high-frequency power, leading to 
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increased damage. Then, if the damage increases to an extent 
that the impedance matching unit 2 can no longer match the 
impedance differences, a very large reflected wave will come 
back to the high-frequency power source 1, damaging also the 
high-frequency power source 1. 
A similar phenomenon will result if an anomaly occurs 

between the high-frequency power source 1 and the imped 
ance matching unit 2. In this case however, the impedance 
matching operation by the impedance matching unit 2 is not 
performed. For example, poor insulation or insulation break 
down in the transmission line 4 will result in impedance 
un-match at this particular portion, and there will be a very 
large reflected wave coming back to the high-frequency 
power source 1, which will damage the high-frequency power 
Source 1. 

However, according to the high-frequency power Supply 
system offered by the present embodiment, the anomaly 
detector 3 watches for anomalies by using the reflection coef 
ficient differential value dI/dt which is calculated from the 
forward wave PF and the reflected wave PR inputted from the 
high-frequency power source 1. Thus, as soon as an anomaly 
occurs in the circuit from the outputting end A of the high 
frequency power Source 1 toward the load L, the occurrence is 
detected since the reflected wave PR which is inputted to the 
anomaly detector 3 increases and the reflection coefficient 
differential value dI/dt exceeds a predetermined reference 
value. 
As shown in FIG. 2, when the anomaly determiner 25 

judges that an anomaly exists, an anomaly detection signal 
(HIGH level signal) is inputted from the anomaly determiner 
25 to the power source controller 13 in the high-frequency 
power source 1 and to the alarm device (not illustrated). Upon 
input of the anomaly detection signal, the power source con 
troller 13 controls the high-frequency wave generator/ampli 
fier 11 and stops high-frequency power generation (See the 
High-Frequency Power Output waveform). Upon input of the 
anomaly detection signal, the alarm device issues an alarm 
indicating that an anomaly has occurred in the high-fre 
quency power Supply system. 
As described, power output operation of the high-fre 

quency power source 1 is stopped by the anomaly detection 
signal right upon detection of an anomaly and therefore, 
damage incurred by the anomaly is prevented from spreading, 
and the high-frequency power Source 1 is protected from 
damages caused by the reflected wave. In particular, anomaly 
detection by means of the reflection coefficient differential 
value d/dt enables early-stage detection of anomalies right 
after the anomaly occurs and before the reflection coefficient 
Treaches an abnormal value, allowing safety functions such 
as power output stoppage from the high-frequency power 
source 1 to work effectively. 

Then, after a lapse of the predetermined time period Tsince 
the stoppage of high-frequency power from the high-fre 
quency wave generator/amplifier 11, the power source con 
troller 13 resumes the high-frequency power output at the 
previous output value. There is a reason for it: Sometimes, 
anomaly detection picks a momentary anomaly Such as a 
momentary Surge in the load caused by an arc discharge in the 
plasma processing apparatus L. In this and other kinds of 
anomalies, the system can often recover from minor damages 
caused by the anomalies, and a system which must always be 
resumed manually will simply deteriorate operation effi 
ciency. By automatically resuming the high-frequency power 
Supply system, dead time or loss of operation efficiency is 
reduced. It should be noted here that the value for the prede 
termined period of time T is obtained empirically or experi 
mentally. 
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In the present embodiment, stoppage of the power output 
operation from the high-frequency power Source 1 upon 
detection of an anomaly is only for a predetermined period of 
time T in view of operation efficiency. Alternatively, the 
power output operation from the high-frequency power 
Source 1 may be stopped permanently for increased safety. 
When the anomaly determiner 25 determines that an 

anomaly exists, the anomaly determiner 25 inputs the opera 
tion disabling signal (HIGH level signal) as shown in FIG. 2, 
to the matching unit controller 16 of the impedance matching 
unit 2. Upon input of the operation disabling signal, the 
matching unit controller 16 stops operation control of the 
variable impedance devices, i.e. the variable capacitors VC1, 
VC2, in the matching section 17 for the predetermined time 
period T while keeping capacitance values of the variable 
capacitors VC1, VC2 as they were at the time when the 
anomaly was found. 

Thus, when the power output operation from the high 
frequency power Source 1 is resumed after a lapse of the 
predetermined time T, the impedance matching unit 2 starts 
its impedance matching operation with the capacitance val 
ues of the variable capacitors VC1, VC2 as of the moment 
when the power output operation was stopped. By starting 
with a state of un-match which is not so dissimilar, the system 
can achieve the impedance matching quickly. 

In the anomaly detector 3, the low level (Operation OFF) 
signal keeps preventing the anomaly determining operation 
until the period of time T' has passed, i.e. until a state of 
matching has been established by the impedance matching 
unit 2, for the impedance matching unit is in the state of 
unmatched impedance right after the high-frequency power 
source 1 resumes its operation. 

Therefore, the anomaly determiner 25 is disabled from 
performing the determining operation, the power Supply from 
the high-frequency power source 1 is stopped, and the dis 
abled state continues for a predetermined period of time T 
plus for a period of time Twhich is the time necessary for the 
impedance matching unit 2 to bring the system into a state of 
matching. This arrangement can prevent false anomaly detec 
tions by the anomaly detector 3 of a state of unmatched 
impedance right after the power Supply is resumed from the 
high-frequency power source 1. 

FIG. 4 shows a configuration of a high-frequency power 
Supply system according to Embodiment 2 of the present 
invention. In Embodiment 1, anomaly detection is made in 
the route from the outputting end A of the high-frequency 
power source 1 toward the load L. based on the differential 
value dI/dt of the reflection coefficient T in the high-fre 
quency output at the outputting end A of the high-frequency 
power source 1. In Embodiment 2, detection is made specifi 
cally for anomalies in the load L. based on the differential 
value dI/dt of the reflection coefficient T in the high-fre 
quency output at the outputting end A of the high-frequency 
power source 1 and an impedance differential value at the 
inputting end of the load L. 
Now, differences from Embodiment 1 will be described: In 

the impedance matching unit 2, the matching section 17 is 
followed by a voltage detector 18 and a current detector 19. 
The voltage detector 18 detects a voltage value V, of the 

high-frequency wave at an output terminal C of the matching 
section 17. Specifically, the output terminal C of the matching 
section 17 is connected with the load L. via the load connect 
ing section 5 and therefore, the voltage detector 18 detects the 
voltage value V, which is the voltage value of the high 
frequency wave at the input end on the load L side. 
The current detector 19 detects an electric current value I, 

of the high-frequency wave at the output terminal C of the 
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matching section 17. Specifically, the output terminal Cof the 
matching section 17 is connected with the load L via the load 
connecting section 5 and therefore, the current detector 19 
detects the electric current value I, which is the current value 
of the high-frequency wave at the input end on the side on the 
load L side. 
The voltage value V, detected by the voltage detector 18 

and the electric current value I detected by the current detec 
tor 19 are given to an impedance calculator 26 (to be 
described later) of the anomaly detector 3. 
The anomaly detector 3 is provided with the impedance 

calculator 26 and a second differentiator 27 which calculates 
the change of the magnitude of impedance per unit time. It 
should be noted that the differentiator 24 used in Embodiment 
1 is called “the first differentiator 24” when used in Embodi 
ment 2. 
The impedance calculator 26 calculates an impedance 

Z=V./I from the Voltage value V, at the inputting end of the 
load L supplied from the voltage detector 18 and the electric 
current value I at the inputting end of the load L Supplied 
from the current detector 19. The impedance calculator 26 
calculates the value of the impedance Z by first converting the 
voltage value V, inputted from the voltage detector 18 and the 
electric current value I inputted from the current detector 19 
into digital amplitude values DV, Di using an A/D converter 
and then calculating DV/Di. The impedance Z is calculated at 
a predetermined time interval At. The obtained data on the 
impedance Z is inputted to the second differentiator 27. It 
should be noted that the impedance calculator 26 may gener 
ate an analog V/I, signal, and sends the signal to an A/D 
converter for digital conversion. 
The second differentiator 27 obtains a change per unit time 

of the magnitude of the impedance Z calculated by the imped 
ance calculator 26. In other words, the second differentiator 
27 obtains the differential value (dZ/dt) of the magnitude of 
impedance Z. Hereinafter, the change of the magnitude of the 
impedance Z per unit time will be called impedance differ 
ential value dZ/dt. 

For each input of the impedance Z made by the impedance 
calculator 26 at a predetermined interval dt, the second dif 
ferentiator 27 calculates a difference dZ=Z2-Z1 between the 
previous impedance input Z1 and the latest impedance input 
Z2, as well as dZ/dt. It should be noted that if the impedance 
calculator 26 provides the impedance Z in the form of analog 
signal, the second differentiator 27 converts the impedance Z 
from the analog signal into digital data by using an A/D 
converter before calculating the dZ/dt. The calculation result 
(dZ/dt) given by the second differentiator 27 is inputted to the 
anomaly determiner 25. 
The anomaly determiner 25 determines on whether or not 

there is any anomaly happening, based on the reflection coef 
ficient differentiation value dI/dt inputted from the first dif 
ferentiator 24 and the impedance differential value dZ/dt 
inputted from the second differentiator 27. Upon determina 
tion that there is, the anomaly determiner outputs an anomaly 
detection signal to the power source controller 13 of the 
high-frequency power source 1, indicating presence of an 
anomaly for a first predetermined time T (See FIG. 2) while 
outputting an operation disabling signal to the matching unit 
controller 16. 

Specifically, the anomaly determiner 25 compares the 
reflection coefficient differential value dI/dt with a predeter 
mined reference value which is preset, and compares the 
impedance differential value dZ/dt with a predetermined ref 
erence value which is preset. If the differential value dI/dt 
exceeds the given reference value and the impedance differ 
ential value dZ/dt exceeds the given reference value, the 
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anomaly determiner 25 determines that an anomaly exists on 
the side of load L, and outputs the anomaly detection signal 
e.g. a high-level signal for the first predetermined time T (See 
FIG. 2). 

For example, take a case in which the differential value 
dT/dt of the reflection coefficient Tmakes a change as shown 
in FIG. 3. Assume that the differential value dI/dt of the 
reflection coefficient Thas exceeded the reference value (See 
Time Point t1), and the impedance differential value dZ/dt has 
made a change as shown in FIG. 5. The anomaly determiner 
25 outputs the high level signal when the differential value 
dZ/dt of the impedance Z has exceeded the reference value 
(See Time Point t1'). Note that in FIG. 3, Time Point t2 is a 
time point when the reflection coefficient rachieves an extre 
mal. In FIG. 5, Time Point t2 is a time point when the 
impedance Zachieves an extremal. 
As described, the anomaly detection makes use of the 

differential value dI/dt of the reflection coefficient Tand the 
differential value dZ/d of the impedance Z. This enables 
reliable detection of anomalies on the side of load L. Specifi 
cally, obtaining the differential value dI/dt of the reflection 
coefficient T enables to detect anomalies in the circuit from 
the outputting end A of the high-frequency power source 1 
toward the load L, but if anomalies occurring only in the load 
L are to be detected, it is difficult to do so only with the 
differential value dI/dt of the reflection coefficient T because 
the circuit from the outputting end A of the high-frequency 
power source 1 toward the load L includes the transmission 
line 4 and the impedance matching unit 2. On the other hand, 
measurement of the impedance Z at the inputting end of the 
load Lalone will not give sufficient clues for establishing the 
reference value for determining the anomaly, and thus it is 
difficult to detect anomalies occurring specifically in the load 
L. 

For this reason, in the present Embodiment 2, both the 
differential value dI/dt of the reflection coefficient Tand the 
differential value dZ/dt of the impedance Z are obtained 
whereby anomalies occurring specifically in the load L are 
identified and detected. 

Since the anomaly determiner 25 detects anomalies based 
on the differential value dI/dt of the reflection coefficient T 
and the impedance differential value dZ/dt, detection is made 
instantaneously, or more quickly than in methods which rely 
only on the magnitude of the reflection coefficient T or in 
methods which depend upon the magnitude of the impedance 
Z. 

Now, description will be made in more specific details. 
Once the high-frequency power source 1 starts Supplying 
high-frequency power, the high-frequency power source 1 
separately detects the forward wave PF and the reflected wave 
PR of the high frequency wave, and inputs detected signals to 
the anomaly detector 3. Meanwhile, the impedance matching 
unit 2 inputs the Voltage value and the electric current value at 
the inputting end of the load L to the anomaly detector 3. The 
anomaly detector 3 calculates the differential value dI/dt of 
the reflection coefficient T from the forward wave PF and the 
reflected wave PR, as well as the impedance differential value 
dZ/dt from the voltage value and the electric current value 
from the impedance matching unit 2, and determines on 
whether or not there is any anomalies in the circuit on the side 
of load L. based on the change in the differential value dI/dt 
of the reflection coefficient Tand the change in the impedance 
differential value dZ/dt. In other words, as the high-frequency 
power source 1 starts its power Supplying operation, the 
anomaly detector 3 starts its watch for anomalies on the side 
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ofload L based on the change in the differential value dI/dt of 
the reflection coefficient T and the change in the impedance 
differential value dZ/dt. 

In the above case, the watch by the anomaly detector 3 is 
based on the differential value dI/dt of the reflection coeffi 
cient Twhich is calculated from the forward wave PF and the 
reflected wave PR inputted from the high-frequency power 
source 1 and therefore, it is possible to infer anomalies includ 
ing those occurring in the load Las well as in the circuit from 
the outputting end A of the high-frequency power source 1 
toward the load L. For example, it is possible to infer abnor 
mal occurrences such as insulation breakdown, poor insula 
tion or poor contact, in the transmission line 4, in line con 
nectors connecting the transmission line 4 with the high 
frequency power source 1 or with the impedance matching 
unit 2, or within the impedance matching unit 2. 

However, according to the configuration offered by 
Embodiment 2, the anomaly detector 3 further makes use of 
the dZ/dt of the impedance Z calculated from the voltage 
value V, and the electric current value I measured at the 
inputting end of the load L. This makes possible not only to 
detect anomalies in the circuit from the outputting end A of 
the high-frequency power source 1 toward the load L, but also 
to identify and reliably detect anomalies in the load L. 

Further, according to Embodiment 2, it is possible to iden 
tify anomalies between the outputting end A of the high 
frequency power source 1 and the measuring point of Voltage 
and current. For example, if the differential value dI/dt of the 
reflection coefficient T has exceeded a predetermined refer 
ence value but the differential value dZ/dt of the impedance Z. 
has not exceeded a reference value predetermined for it, it is 
possible to determine that this anomaly, which is e.g. insula 
tion breakdown, poor insulation or poor contact, can be in the 
transmission line 4, in a connector connecting the transmis 
sion line 4 with the high-frequency power source 1 or with the 
impedance matching unit 2, or inside the impedance match 
ing unit 2. 
Once an anomaly is indicated by the anomaly detection 

signal, the power source controller 13 stops high-frequency 
power generation performed by the high-frequency wave 
generator/amplifier 11 for the first predetermined time period 
T and the matching unit controller 16 issues an operation 
disabling signal to disable the matching operation, and other 
controlling operations takes place just the same way as in 
Embodiment 1, so no more description will be made for these 
here. 

FIG. 6 shows a configuration of a high-frequency power 
Supply system according to Embodiment 3 of the present 
invention. In Embodiment 1, the detection point for the 
reflection coefficient T is near the outputting end within the 
high-frequency power source 1. In Embodiment 3, the detec 
tion point for the reflection coefficient T is in the transmission 
line 4. Specifically, the configuration in FIG. 6 does not 
include a directional coupler 12 in the high-frequency power 
Source 1, but includes a directional coupler 6 in the transmis 
sion line 4. The high-frequency power source 1 and the direc 
tional coupler 6, as well as the directional coupler 6 and the 
impedance matching unit 2 are connected with each other by 
a transmission line 4 provided by a coaxial cable. The direc 
tional coupler 6 has a second output port and a third output 
port connected with the first detector 21 and the second detec 
tor 22 of the anomaly detector 3 respectively. 
Anomaly determining operation in the high-frequency 

power Supply system according to Embodiment 3 is the same 
as the anomaly determining operation in the high-frequency 
power Supply system according to Embodiment 1, and there 
fore details will not be repeated here. In the high-frequency 
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power Supply system according to Embodiment 3, the 
anomaly detection point is in the transmission line 4 (specifi 
cally, at the directional coupler 6) and so, the system detects 
anomalies in the circuit from the directional coupler 6 toward 
the load L; i.e. the system detects insulation breakdown or 
poor contact in the transmission line 4 which connects the 
directional coupler 6 with the impedance matching unit 2 as 
well as in their connectors, poor insulation in the impedance 
matching unit 2, or anomalies in the load L, with the same 
functions and advantages as achieved in Embodiment 1. 

It should be noted that the configuration in Embodiment 3 
where the detection point for the reflection coefficient T is in 
the transmission line 4 may be applied to the configuration in 
Embodiment 2 in FIG. 4 where an impedance differential 
value is detected at an inputting end of the load L. 

FIG. 7 shows a configuration of a high-frequency power 
Supply system according to Embodiment 4 of the present 
invention. In Embodiment 1, the differential value dI/dt of 
the reflection coefficient T is used to determine occurrence of 
anomalies. In Embodiment 4, both of the reflection coeffi 
cient Tand the differential value dI/dt of the reflection coef 
ficient T are used for anomaly occurrence determination. 
Specifically, FIG. 7 differs from FIG. 1 in that a first com 
parator 28 is provided between the reflection coefficient cal 
culator 23 and the anomaly determiner 25, and that a second 
comparator 29 is provided between the differentiator 24 and 
the anomaly determiner 25. 

The first comparator 28 is supplied with the reflection 
coefficient T which is calculated by the reflection coefficient 
calculator 23. The second comparator 29 is supplied with the 
differential value dI/dt of the reflection coefficient Twhich is 
calculated by the differentiator 24. 
The second comparator 29 compares the differential value 

dT/dt of the reflection coefficient T from the differentiator 24 
with a first predetermined reference value. When the differ 
ential value dI/dt of the reflection coefficient Thas exceeded 
the first reference value, the second comparator outputs an 
indication signal (by turning a LOW level signal to HIGH 
level for example). This signal is inputted to the anomaly 
determiner 25. 
The first comparator 28 compares the magnitude of the 

reflection coefficient T inputted from the reflection coeffi 
cient calculator 23 with a second predetermined reference 
value. When the magnitude of the reflection coefficient Thas 
exceeded the second reference value, the first comparator 
outputs an indication signal (by turning a LOW level signal to 
HIGH level for example). This signal is also inputted to the 
anomaly determiner 25. 
The anomaly determiner 25 has an unillustrated AND cir 

cuit. The AND circuit produces a logical multiplication of the 
signals from the first comparator 28 and the second compara 
tor 29, and outputs a resulting signal as an anomaly detection 
signal. Specifically, if both of the signals inputted from the 
first comparator 28 and the second comparator 29 are HIGH 
level, the anomaly determiner 25 outputs a HIGH level signal 
whereas the anomaly determiner 25 outputs a LOW level 
signal if either of the signals inputted from the first compara 
tor 28 and the second comparator 29 is LOW level. The 
high-low relationship of the signal in the anomaly determiner 
25 may be reverse. 

In the high-frequency power Supply system according to 
Embodiment 4, the differential value dI/dt of the reflection 
coefficient T and the reflection coefficient T are respectively 
compared with the first reference value and the second refer 
ence value in the anomaly determiner 25, and an occurrence 
of anomaly is determined when both of the parameters have 
exceeded their respective reference values. All the other 
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operations are identical with those in Embodiment 1, and 
therefore the description will not be repeated here. 
As described, in Embodiment 4, anomaly occurrence 

determination is made not only on the basis of the reflection 
coefficient differential value dI/dt but also on the basis of the 
reflection coefficient T. For example, the system determines 
that an anomaly exists if the reflection coefficient differential 
value dI/dt is large and the reflection coefficient T is large. 

In the above, the anomaly determiner 25 determines pres 
ence of an anomaly using an AND operation between the 
comparison result from the first comparator 28 and the com 
parison result from the second comparator 29, i.e. when the 
differential value dI/dt of the reflection coefficient T has 
exceeded the first reference value and the reflection coeffi 
cient T has exceeded the second reference value. Alterna 
tively, the determiner may use an OR operation between the 
comparison result from the first comparator 28 and the com 
parison result from the second comparator 29. Specifically, 
the anomaly determiner may determine presence of an 
anomaly when the differential value dI/dt of the reflection 
coefficient Thas exceeded a first reference value or the reflec 
tion coefficient Thas exceeded a second reference value. 

FIG. 8 shows a configuration of a high-frequency power 
Supply system according to Embodiment 5 of the present 
invention. In Embodiment 4, anomaly determining operation 
is made by using the magnitude of reflection coefficient Tand 
the differential value dI/dt of the reflection coefficient T. In 
Embodiment 5, anomaly determining operation is made by 
using both of the magnitude of the reflection coefficient Tand 
the differential value dI/dt of the reflection coefficient T, and 
the differential value dZ/dt of the impedance Z. Specifically, 
FIG.8 shows a configuration which differs from Embodiment 
4 in FIG. 7 in that the impedance matching unit 2 is provided 
with a voltage detector 18 and a current detector 19 whereas 
the anomaly detector 3 is provided with an impedance calcu 
lator 26 and a second differentiator 27. 

In Embodiment 5, the first comparator 28 and the second 
comparator 29 compare the differential value dI/dt of the 
reflection coefficient Tand the magnitude of reflection coef 
ficient T with a first reference value and a second reference 
value respectively, and a HIGH level signal is outputted when 
both results of the comparison exceed the respective refer 
ence values. The anomaly determiner 25 in the anomaly 
detector 3 determines that an anomaly is present when both of 
the signals from the first comparator 28 and the second com 
parator 29 are HIGH level, and the differential value dZ/dt of 
the impedance Z inputted from the second differentiator 27 
exceeds a predetermined reference value. Otherwise, all the 
other operations are identical with those in Embodiment 1 
and therefore, the description will not be repeated here. 
As described, according to Embodiment 5, anomaly deter 

mining operation is based not only on the magnitude of reflec 
tion coefficient T and the reflection coefficient differential 
value dI/d but also on the differential value dZ/dt of the 
impedance Z and therefore, it is possible to detect anomalies 
in the load L. more reliably and accurately. 

In the above, the anomaly determiner 25 determines pres 
ence of anomalies using an AND operation between the com 
parison result from the first comparator 28, the comparison 
result from the second comparator 29 and the output from the 
second differentiator 27. In other words, an anomaly is deter 
mined to be present when the differential value dI/dt of the 
reflection coefficient Thas exceeded the first reference value, 
the reflection coefficient Thas exceeded the second reference 
value, and the differential value dZ/dt of the impedance Z has 
exceeded a third reference value. Alternatively, the deter 
miner may use an OR operation between the comparison 



US 7,796,368 B2 
29 

result from the first comparator 28, the comparison result 
from the second comparator 29 and the output from the sec 
ond differentiator 27; i.e. the anomaly determiner may deter 
mine presence of an anomaly when the differential value 
dT/dt of the reflection coefficient T has exceeded the first 
reference value, the reflection coefficient Thas exceeded the 
second reference value or the differential value dZ/dt of the 
impedance Z has exceeded the third reference value. 

FIG. 9 shows a configuration of a high-frequency power 
Supply system according to Embodiment 6 of the present 
invention. In Embodiment 1, presence of an anomaly is deter 
mined right at the time when the differential value dI/dt of the 
reflection coefficient T has exceeded a first predetermined 
reference value. In Embodiment 6, each time the differential 
value dI/dt of the reflection coefficient T exceeds the first 
reference value, the event is counted and presence of an 
anomaly is determined when the number of events has 
exceeded a predetermined number. Therefore, the embodi 
ment has a configuration shown in FIG.9, which is essentially 
the same as FIG. 1 except for addition of a counter 31 between 
the differentiator 24 and the anomaly determiner 25. All the 
other aspects of the configuration is the same as of the high 
frequency power Supply system according to Embodiment 1, 
so description will be made only for the differences from 
Embodiment 1, i.e. operation of the counter 31 and of the 
anomaly determiner 25. 
The counter 31 in FIG. 9 compares the differential value 

dT/dt of the reflection coefficient T calculated at the differ 
entiator 24 with a first predetermined reference value, and 
counts the number of times when the differential value d/dt 
has exceeded the first reference value. Specifically, take a case 
where the differential value d/dt of the reflection coefficient 
T makes changes as shown in FIG. 10. The counter 31 
increases its count by an increment of one each time the 
differential value dI/dt of the reflection coefficient Texceeds 
the first reference value, i.e. at Time Points t1, t2 and t3, and 
outputs the value of the count to the anomaly determiner 25. 
The anomaly determiner 25 determines that an anomaly 

exists when the value of the count inputted from the counter 
31 has exceeded the first reference value. 

In Embodiment 6, presence of an anomaly is determined 
when the differential value dI/dt of the reflection coefficient 
T has exceeded a first reference value more times than a 
predetermined norm number, whereupon responses are made 
including anomaly alarm and stoppage of the high-frequency 
power output. This arrangement enables early-stage detection 
of anomalies and damage prevention when e.g. the reflection 
coefficient Tsurges intermittently as shown in FIG. 25, i.e. a 
case where each surge in the reflection coefficient Twill cause 
a minor damage to the high-frequency power transmission 
circuit, and accumulation of the damages will eventually lead 
to a catastrophic damage. 

Embodiment 6 may be varied to a configuration similar to 
Embodiment 4. (See FIG. 7) which takes into account the 
magnitude of reflection coefficient T in addition to the differ 
ential value dI/dt of the reflection coefficient T. In this case, 
the configuration in FIG. 9 will further include a counter (not 
illustrated) between the reflection coefficient calculator 23 
and the anomaly determiner 25. The counter counts the num 
ber of times when the magnitude of reflection coefficient T 
has exceeded a second predetermined reference value, and 
inputs a result of the counting to the anomaly determiner 25. 
Then, the anomaly determiner 25 determines that an anomaly 
exists when the differential value dI/dt of the reflection coef 
ficient T has exceeded the first reference value more times 
than a first predetermined norm number and the reflection 
coefficient T has exceeded the second reference value more 
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times than a second predetermined norm number. Alterna 
tively, the anomaly determiner determines that an anomaly 
exists when the differential value dI/dt of the reflection coef 
ficient T has exceeded the first reference value more times 
than a first predetermined norm number or when the reflec 
tion coefficient T has exceeded the second reference value 
more times than a second predetermined norm number. 
Now, in Embodiment 6, an anomaly is affirmed when the 

differential value dI/dt of the reflection coefficient T has 
exceeded a predetermined reference value more times than a 
predetermined norm number. This method can pose a disad 
Vantage however, when the reflection coefficient T changes in 
steps as shown in FIG. 11. In this particular case, the counter 
31 will keep its count value as “1” and therefore the anomaly 
determiner 25 will not determine an occurrence of an 
anomaly. Yet a state of continuously high reflection coeffi 
cient indicates a high probability for presence of an anomaly, 
so there is likelihood that the anomaly determiner 25 will 
overlook an occurrence of anomaly. 

Problems such as the above can be solved by the following 
arrangement: Specifically, if the magnitude of reflection coef 
ficient T at the time of the first count is not smaller than a 
predetermined value and this state continues for a predeter 
mined time period ta (See FIG. 11), the system will determine 
that an anomaly exists. 

FIG. 12 shows a high-frequency power Supply system 
according to Embodiment 7 of the present invention. In 
Embodiment 6, counting is made for a predefined event that 
the differential value dI/dt of the reflection coefficient Thas 
exceeded a predetermined reference value, and presence of an 
anomaly is determined as soon as the number of events has 
exceeded a predetermined norm number. In Embodiment 7, 
counting is made for the event that the differential value dI/dt 
of the reflection coefficient Thas exceeded the predetermined 
reference value, and counting is also made for another pre 
defined event that the differential value dZ/dt of the imped 
ance Z has exceeded a predetermined reference value. Pres 
ence of an anomaly is determined when both of the counts on 
the number of events have exceeded the respective predeter 
mined norm numbers. Therefore, the present embodiment has 
a configuration shown in FIG. 12, which is essentially the 
same as Embodiment 6 in FIG. 9 except that the impedance 
matching unit 2 is provided with a Voltage detector 18 and a 
current detector 19, the anomaly detector 3 is provided with 
an impedance calculator 26 and a second differentiator 27, 
and a second counter 31 is provided between the second 
differentiator 27 and the anomaly determiner 25. Note that the 
counter 31 which appears in FIG. 9 is called as “the first 
counter 31' when reference is made to FIG. 12. 
The second counter 32 compares the differential value 

dZ/dt of the impedance Z calculated by the second differen 
tiator 27 with a third predetermined reference value, and 
counts the number of times when the differential value dZ/dt 
has exceeded the third reference value. Specifically, take a 
case where the differential value dZ/dt of the impedance Z. 
makes changes as shown in FIG. 13. The second counter 32 
increases its count by an increment of one each time the 
differential value dZ/dt of the impedance Z has exceeded the 
third reference value, i.e. at Time Points t1, t2 and t3', and 
outputs the value of the count to the anomaly determiner 25. 
The anomaly determiner 25 determines that an anomaly 

exists when the value of the count inputted from the first 
counter 31 has exceeded a first reference value and the value 
of the count inputted from the second counter 32 has 
exceeded a third reference value. 

In Embodiment 7, presence of an anomaly is determined 
when the differential value dI/dt of the reflection coefficient 
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T has exceeded the first reference value more times than the 
first norm number and the differential value dZ/dt of the 
impedance Z has exceeded the third reference value more 
times than the third predetermined number. The determina 
tion triggers anomaly alarm and stoppage of the high-fre 
quency power output. This arrangement enables early-stage 
detection of anomalies and damage prevention when e.g. the 
reflection coefficient Tsurges intermittently as shown in FIG. 
25, where each surge in the reflection coefficient T will cause 
a minor damage to the high-frequency power transmission 
circuit and accumulation of the damages will eventually lead 
to a catastrophic damage. 

Embodiment 7 may be varied to a configuration similar to 
Embodiment 4 (See FIG. 7) which takes into account the 
magnitude of reflection coefficient T in addition to the differ 
ential value dI/dt of the reflection coefficient T. In this case, 
the configuration in FIG. 9 will further include a counter (not 
illustrated) between the reflection coefficient calculator 23 
and the anomaly determiner 25. The counter counts the num 
ber of times when the magnitude of reflection coefficient T 
exceeds a second predetermined reference value, and inputs a 
result of the counting to the anomaly determiner 25. Then, the 
anomaly determiner 25 determines that an anomaly exists 
when the differential value dI/dt of the reflection coefficient 
Thas exceeded the first reference value more times thana first 
predetermined norm number, the reflection coefficient Thas 
exceeded the second reference value more times than a sec 
ond predetermined norm number, and the magnitude of 
reflection coefficient T has exceeded the second predeter 
mined reference value more times than a second norm num 
ber. Alternatively, the anomaly determiner determines that an 
anomaly exists when the differential valuedI/dt of the reflec 
tion coefficient T has exceeded a first reference value more 
times than a first predetermined norm number, when the 
reflection coefficient Thas exceeded a second reference value 
more times than a second predetermined norm number, or 
when the magnitude of reflection coefficient T has exceeded 
a second predetermined reference value more times than a 
second norm number. 
Now, in Embodiment 7, an anomaly is affirmed when the 

differential value dZ/dt of the impedance Z has exceeded a 
predetermined reference value more times than a predeter 
mined norm number. This method can pose a disadvantage 
however, when the impedance Z changes in steps. In Such a 
case, the second counter 32 will keep its count value as “1”. 
yet a state of continuously low impedance Z indicates a high 
probability for presence of an anomaly, so there is likelihood 
that the anomaly determiner 25 will overlook an occurrence 
of anomaly. 

Problems such as the above can be solved by the following 
arrangement: Specifically, if the magnitude of impedance Zat 
the time of the first count is not greater than a predetermined 
value and this state continues for a predetermined time 
period, the anomaly determiner 25 will receive a signal indi 
cating the situation, and the anomaly determiner 25 deter 
mines that an anomaly exists when there is also an output 
from the first counter 31 indicating a similar situation hap 
pening in the reflection coefficient T. 

FIG. 15 shows a high-frequency power supply system 
according to Embodiment 8 of the present invention. In place 
of the differential value dI/dt of the reflection coefficient Tas 
a parameter for anomaly determination, Embodiment 8 uses a 
change per unit time of the magnitude of standing wave ratio 
(hereinafter called standing wave ratio differential value 
dS/dt). Therefore, the present embodiment has a configura 
tion shown in FIG. 15 which is essentially the same as in FIG. 
1, differing in that the reflection coefficient calculator 23 is 
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replaced by a standing-wave-ratio calculator 33. Since all the 
other aspects of the configuration are identical with those in 
Embodiment 1, description will only cover the standing 
wave-ratio calculator 33 briefly. 
The reflection coefficient T is expressed as T=Vr/Vf, and 

the relationship between the reflection coefficient T and the 
standing wave ratio S is expressed as S=(1+1)/(1-I). There 
fore, the standing wave ratio S can be calculated as S=(Vf 
Vr)/(VfVr). Thus, the standing-wave-ratio calculator 33 cal 
culates S=(VfVr)/(Vf-Vr) by using the amplitude Vf of the 
forward wave PF inputted from the first detector 21 and the 
amplitude Vr of the reflected wave PR inputted from the 
second detector 22, thereby obtaining the standing wave ratio 
S. 
The magnitude of the standing wave ratio S obtained by 

the standing-wave-ratio calculator 33 is inputted to the dif 
ferentiator 24, and the differentiator 24 calculates the differ 
ential value dS/dt of the standing wave ratio S. The anomaly 
determiner 25 compares the differential value dS/dt of the 
standing wave ratio S calculated by the differentiator 24 with 
a predetermined reference value. The anomaly determiner 
determines that an anomaly exists when the differential value 
dS/dt is greater than the reference value, and outputs an 
anomaly detection signal which may be a signal turned to 
HIGH level. 
Embodiment 8 uses the standing wave ratio S as the param 

eter for anomaly determination. Both the standing wave ratio 
S and the reflection coefficient T represent a ratio to the 
forward wave, which indicates a ratio of the reflected wave or 
a degree of matching. If the degree of the reflected wave is 
abnormally large or the degree of matching is abnormally 
decreased, it is likely that an anomaly is present in the circuit. 
Thus, Embodiment 8 also offers the same functions and 
advantages as achieved by Embodiment 1. 

Embodiment 8 uses the differential value dS/dt of the 
standing wave ratio S as the parameter for anomaly determi 
nation. Alternatively, the parameter may be provided by the 
change per unit time of the reciprocal of the standing wave 
ratio S, i.e. d(1/S)/dt. 

FIG. 16 shows a high-frequency power Supply system 
according to Embodiment 9. In Embodiment 8, anomalies are 
detected on the basis of the differential value dS/dt of the 
standing wave ratio S. In Embodiment 9, the differential value 
dS/dt of the standing wave ratio S and the differential value 
dZ/dt of the impedance Z are used in determining anomalies. 
Specifically, FIG. 16 shows a configuration which is essen 
tially the same as Embodiment 8 in FIG. 15, differing in that 
the impedance matching unit 2 is provided with a Voltage 
detector 18 and a current detector 19, and the anomaly detec 
tor 3 is provided with an impedance calculator 26 and a 
second differentiator 27. 
The anomaly determiner 25 in the anomaly detector 3 

according to Embodiment 9 compares the differential value 
dS/dt of the standing wave ratio with a first reference value, 
while comparing the differential value dZ/dt of the imped 
ance Z with a second reference value, and determines that an 
anomaly exists if both parameters exceed their respective 
reference values. All the other operations are identical with 
those in Embodiment 8, and therefore the description will not 
be repeated here. 
As described, according to Embodiment 9, anomaly deter 

mining operation is based not only on the differential value 
dS/dt of the standing wave ratio but also on the differential 
value dZ/dt of the impedance Z and therefore, it is possible to 
detect anomalies in the load L. more reliably and accurately. 

Embodiment 9 uses the differential value dS/dt of the 
standing wave ratio S as the parameter for anomaly determi 



US 7,796,368 B2 
33 

nation. Alternatively, the parameter may be provided by the 
change per unit time of the reciprocal of the standing wave 
ratio S, i.e. d(1/S)/dt. 

FIG. 17 shows a configuration of a high-frequency power 
Supply system according to Embodiment 10 of the present 
invention. In Embodiments 1 through 9, occurrence of 
anomalies is determined on the basis of the differential value 
dT/dt of the reflection coefficient T. In Embodiment 10, a 
logarithm of the reflection coefficient T is obtained, and 
occurrence of anomalies is determined on the basis of how 
this logarithm value changes per unit time. 

Specifically, a high-frequency power Supply system 
according to Embodiment 10 is shown in FIG. 1, with the 
anomaly detector 3 having the following configuration. The 
anomaly detector 3 according to Embodiment 10 includes a 
first logarithmic amplifier 35, a second logarithmic amplifier 
36, a logarithmic reflection coefficient calculator 37, a loga 
rithmic reflection coefficient storage 38, a logarithmic latest 
value comparator 39, a logarithmic previous value compara 
tor 40 and an anomaly determiner 41. 

The first logarithmic amplifier 35 rectifies the amplitude Vf 
of the forward wave PF and outputs a logarithm value that 
represents the amplitude Vf. The second logarithmic ampli 
fier 36 rectifies the amplitude Vr of the reflected wave PR and 
outputs a logarithm value that represents the amplitude Vr. 
The first logarithmic amplifier 35 and the second logarithmic 
amplifier 36 are each provided by e.g. the same circuitry as 
used for the first detector 21 and the second detector 22 in 
Embodiment 1 (See FIG. 1), with an addition of a logarithm 
amplifying circuit provided by an OPamplifier and a diode 
connected in parallel therewith. The first logarithmic ampli 
fier 35 and the second logarithmic amplifier 36 may be pro 
vided by commercially available logarithmic amplifiers. The 
values outputted from the first logarithmic amplifier 35 and 
the second logarithmic amplifier 36, i.e. the logarithm value 
log(Vf) of the amplitude Vf of the forward wave PF and the 
logarithm value log(Vr) of the amplitude Vr of the reflected 
wave PR are inputted to the logarithmic reflection coefficient 
calculator 37. 
The logarithmic reflection coefficient calculator 37 calcu 

lates the logarithm value log T(log(Vr/Vf)) based on the 
logarithm value log(Vf) of the amplitude Vf of the forward 
wave PF inputted from the first logarithmic amplifier 35 and 
the logarithm value log(Vr) of the amplitude Vr of the 
reflected wave PR inputted from the second logarithmic 
amplifier 36. The logarithm value log T of the reflection 
coefficient T is inputted to the logarithmic reflection coeffi 
cient storage 38. An advantage of the logarithmic reflection 
coefficient calculator 37 is that the calculation of the loga 
rithm value log(Vr/Vf) of the reflection coefficient T can be 
made by subtraction, i.e. log(Vr)-log(Vf). In other words, 
there is no need for providing a division circuit for direct 
division of the amplitude Vr of the reflected wave PR by the 
amplitude Vf of the forward wave PF for example. This 
enables to simplify the circuit construction. 
The logarithmic reflection coefficient calculator 37 may be 

an analog signal processor or a digital signal processor. For 
the digital signal processor, an unillustrated A/D converter is 
provided before the logarithmic reflection coefficient calcu 
lator 37. The logarithm value log T of the reflection coeffi 
cient T is calculated at a predetermined time interval At. If the 
processor is an analog signal processor, an unillustrated A/D 
converter is provided between the logarithmic reflection coef 
ficient calculator 37 and a logarithmic reflection coefficient 
storage 38 which will be described next. 
The logarithmic reflection coefficient storage 38 has an 

unillustrated memory for Successive storage of the values of 
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the logarithm value log T of the reflection coefficient T cal 
culated by the logarithmic reflection coefficient calculator 37 
at the predetermined time interval At. Each time a new input 
of the value of the logarithm value log T of the reflection 
coefficient T is made from the logarithmic reflection coeffi 
cient calculator 37 at a predetermined time interval At, the 
storage outputs the latest value i.e. said new logarithm value 
or log T1 of a reflection coefficient T1 and the previous value 
i.e. a logarithm value log T2 of a reflection coefficient T2. The 
logarithm value log T1 of the reflection coefficient T1 out 
putted from the logarithmic reflection coefficient storage 38 is 
inputted to the logarithmic latest value comparator 39 
whereas the logarithm value log T2 of the reflection coeffi 
cient T2 is inputted to a logarithmic previous value compara 
tor 40. 
The logarithmic latest value comparator 39 compares the 

logarithm value log T1 of the reflection coefficient T1 from 
the logarithmic reflection coefficient storage 38 with a prede 
termined reference value, and outputs an indicating signal (a 
HIGH level signal for example) if the logarithm value log T1 
of the reflection coefficient T1 is not smaller than the refer 
ence value. The signal is inputted to the anomaly determiner 
41. The reference value as expressed in terms of the reflection 
coefficient T will be 0.8 through 0.9 for example. 
The logarithmic previous value comparator 40 compares 

the logarithm value log T2 of the reflection coefficient T2 
from the logarithmic reflection coefficient storage 38 with a 
predetermined reference value, and outputs an indicating sig 
nal (a HIGH level signal for example) if the logarithm value 
log T2 of the reflection coefficient T2 is not greater than the 
reference value. The signal is inputted to the anomaly deter 
miner 41. The reference value as expressed in terms of the 
reflection coefficient T will be 0.2 through 0.3 for example. 

In order to determine whether or not an anomaly exists 
from the outputs supplied by the logarithmic latest value 
comparator 39 and the logarithmic previous value comparator 
40, the anomaly determiner 41 includes an AND circuit 42 as 
shown in FIG. 18 which outputs a logical multiplication of the 
signals from the logarithmic latest value comparator 39 and 
the logarithmic previous value comparator 40. The output 
from the AND circuit 42 is an anomaly detection signal. 
Specifically, if both of the signals inputted from the logarith 
mic latest value comparator 39 and the logarithmic previous 
value comparator 40 are HIGH level, the anomaly determiner 
41 outputs a HIGH level signal which indicates presence of an 
anomaly. All the other operations are identical with those in 
Embodiment 1 and therefore description will not be repeated 
here. Note however, that the high-low relationship of the 
signal in the anomaly determiner 41 may be reversed. 
Embodiment 10 uses the logarithm of reflection coefficient 

Tbecause obtaining a differential value of the reflection coef 
ficient Tand comparing it with a reference value simply as in 
the previous embodiments will not lead to appropriate 
anomaly determination. 

Specifically, in Embodiment 10 which uses logarithm of 
reflection coefficient T, the logarithm value differential d(log 
T)/dt can be abnormally large even if an appropriate matching 
is established, the reflection coefficient T is relatively small 
(essentially within the range P1 in FIG. 19) and the state 
should not be determined as abnormal. For example, if the 
reflection coefficient Thas changed from 0.01 to 0.04 within 
the time period At, the differential value of the logarithm of 
reflection coefficient T will be log(0.04)-log(0.01)s0.602, 
with the base of the logarithm being 10. 

However, in a case where the situation should be deter 
mined as abnormal, such as when the reflection coefficient T 
has changed from 0.2 to 0.8 in the time period At, the differ 
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ential value of reflection coefficient T is log(0.8)-log(0.2) 
s0.602. As demonstrated, two differential values of reflection 
coefficient Twill be the same with each otherifthe two values 
representing the change in the reflection coefficient T are 
different from each other but the change in the reflection 5 
coefficient T occurs at the same rate. Thus, determining a 
situation as abnormal simply because the logarithm value 
differential value d(log T)/dt of the reflection coefficient Thas 
exceeded a certain predetermined reference value is likely to 
be a misjudgment. 10 

In Embodiment 10 therefore, a situation is determined as 
abnormal when the logarithm value has changed instanta 
neously from a relatively small value to a large value. In other 
words, the latest value and the previous value are considered 
as the base for the anomaly determination in order to see how 15 
much change has occurred within the unit time, in the same 
manner as in calculating the differential value. 

Specifically, a situation is determined as abnormal when 
the logarithm value log T1 of the reflection coefficient T1 
which is inputted from the logarithmic reflection coefficient 
storage 38 to the logarithmic latest value comparator 39 is not 
Smaller than a predetermined reference value and the loga 
rithm value log T2 of the reflection coefficient T2 inputted 
from the logarithmic reflection coefficient storage 38 to the 
logarithmic previous value comparator 40 is not greater than 
a predetermined reference value. In other words, a situation is 
determined as abnormal when the logarithm value log T of the 
reflection coefficient T as expressed in terms of the reflection 
coefficient T has changed from within the range P1 to the 
range P2 in FIG. 19. 
As has been described, anomaly determination in Embodi 

ment 10 is based on the latest value of the reflection coeffi 
cient T and the previous value thereof. This arrangement 
provides virtually the same advantage as offered by the deter 
mination methods based on the logarithm value differential 
value d(log T)/dt, and it is possible to detect anomalies instan 
taneously. Further, use of logarithm enables to accept high 
frequency input of the forward wave PF and the reflected 
wave PR from the directional coupler 12 over a wide range. 
For example, an input level range of 1-1000 V is a 0-3 V range 
in logarithm expression. Likewise, an input level range of 
1-10000 V is a 0-4V range in logarithm expression. 
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FIG. 20 shows a configuration of a high-frequency power 
Supply system according to Embodiment 11. In Embodiment 4s 
10, determination on an occurrence of an anomaly is based on 
a pattern of change per unit time which is derived from the 
logarithmic latest value and the logarithmic previous value of 
the reflection coefficient T. In addition to this, Embodiment 
11 uses the differential value dZ/dt of the impedance Z in so 
anomaly occurrence determination. Specifically, a configu 
ration in FIG. 20 is essentially the same as of Embodiment 11 
in FIG. 17, differing in that the impedance matching unit 2 is 
provided with a voltage detector 18 and a current detector 19 
whereas the anomaly detector 3 is provided with an imped- ss 
ance calculator 26 and the second differentiator 27. 

According to Embodiment 11, the anomaly determiner 41 
in the anomaly detector 3 determines that an anomaly exists 
when the logarithm value log T1 of the latest reflection coef 
ficient T1 which is inputted to the logarithmic latest value 60 
comparator 39 is not smaller than a predetermined reference 
value, the logarithm value log T2 of the previous reflection 
coefficient T2 which is inputted to the logarithmic previous 
value comparator 40 is not greater than a predetermined ref 
erence value and the differential value dZ/dt of the impedance 65 
Z which is inputted to the second differentiator 27 is greater 
than a predetermined reference value. All the other operations 

36 
are identical with those in Embodiment 10, and therefore 
description will not be repeated here. 
As described, according to Embodiment 11, anomaly 

occurrence determination is based not only on the pattern of 
change per unit time which is derived from the current and the 
logarithmic previous values of the reflection coefficient T but 
also on the differential value dZ/dt of the impedance Z and 
therefore, it is possible to detect anomalies in the load L. more 
reliably and accurately. 

FIG. 21 shows a configuration of a high-frequency power 
Supply system according to Embodiment 12. In Embodiment 
10, occurrence of anomalies is determined based on the pat 
tern of change per unit time which is derived from the latest 
and the logarithmic previous values of the reflection coeffi 
cient T. In Embodiment 12, each time the logarithm value log 
T1 of the reflection coefficient T1 which is inputted from the 
logarithmic reflection coefficient storage 38 to the logarith 
mic latest value comparator 39 exceeds a predetermined ref 
erence value, and the logarithm value log T2 of the reflection 
coefficient T2 which is inputted from the logarithmic reflec 
tion coefficient storage 38 to the logarithmic previous value 
comparator 40 is smaller than a predetermined reference 
value, the event is counted, and presence of an anomaly is 
determined when the number of events has exceeded a pre 
determined norm number. Therefore, the present embodi 
ment has a configuration shown in FIG. 21, which is essen 
tially the same as in FIG. 17 except for addition of a counter 
43 located after the outputting ends of the logarithmic latest 
value comparator 39 and the logarithmic previous value com 
parator 40, before the anomaly determiner 41. 
The counter 43 in FIG. 21 counts the number of times when 

the logarithm value log T of the reflection coefficient Twhich 
is inputted from the logarithmic reflection coefficient storage 
38 to the logarithmic latest value comparator 39 is not smaller 
thana predetermined reference value, and the logarithm value 
log T2 of the reflection coefficient T2 which is inputted from 
the logarithmic reflection coefficient storage 38 to the loga 
rithmic previous value comparator 40 is not greater than a 
predetermined reference value. 
The anomaly determiner 41 determines that an anomaly 

exists when the value of the count inputted from the counter 
43 has exceeded a predetermined norm number. All the other 
operations are identical with those in Embodiment 10, and 
therefore description will not be repeated here. 
As described, in Embodiment 12 the change per unit time 

derived from the latest and the previous values of the reflec 
tion coefficient T is not taken as the decisive moment, and 
anomaly determination is based on the number of events 
which satisfies anomaly conditions. This arrangement 
enables early-stage detection of anomalies and damage pre 
vention when e.g. the reflection coefficient T Surges intermit 
tently as shown in FIG. 25, i.e. a case where each surge in the 
reflection coefficient T will cause a minor damage to the 
high-frequency power transmission circuit, and accumula 
tion of the damages will eventually lead to a catastrophic 
damage. 

FIG. 22 shows a configuration of a high-frequency power 
Supply system according to Embodiment 13 of the present 
invention. In Embodiment 10, a logarithm of the reflection 
coefficient T is obtained, and occurrence of anomalies is 
determined based on how this logarithm value changes per 
unit time. Embodiment 13 is an application of this idea to the 
method which is already described for Embodiment 1 and so 
on, where the reflection coefficient T is utilized. Specifically, 
the high-frequency power Supply system according to 
Embodiment 13 is the same as shown in FIG. 17, with the 
anomaly detector 3 having the following configuration: 
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Namely, the anomaly detector 3 according to Embodiment 13 
includes a first detector 21, a second detector 22, a reflection 
coefficient calculator 23, a reflection coefficient storage 44, a 
latest-reflection-coefficient-value comparator 45, a previous 
reflection-coefficient-value comparator 46 and an anomaly 
determiner 47. 
The first detector 21, the second detector 22 and the reflec 

tion coefficient calculator 23 are identical with those in 
Embodiment 1 and therefore will not be described here. The 
reflection coefficient storage 44, the latest-reflection-coeffi 
cient-value comparator 45, the previous-reflection-coeffi 
cient-value comparator 46 and the anomaly determiner 47 are 
the logarithmic reflection coefficient storage 38, the logarith 
mic latest value comparator 39, the logarithmic previous 
value comparator 40 and the anomaly determiner 41 respec 
tively in Embodiment 10 as they are applied to processing of 
the reflection coefficient T. The arrangement described above 
offers anomaly determination based on change in the reflec 
tion coefficient Tper unit time just the same way as described 
for Embodiment 1, enabling to benefit from the same advan 
tages as described for Embodiment 1. 

The configuration in Embodiment 13 may further include, 
as in Embodiment 11, use of the differential value dZ/dt of the 
impedance Z in anomaly occurrence determination. Further, 
the configuration in Embodiment 13 may include, as in 
Embodiment 12, a counter for counting the number of abnor 
mal events so that anomaly occurrence is determined when 
the number of events has exceeded a predetermined number. 

In all of Embodiment 1 through Embodiment 13, power 
output from the high-frequency power source 1 is turned to 
Zero upon detection of an anomaly. Alternatively, the power 
output may be decreased. For example, the output power may 
be halved. This also can decrease the potential spread of 
damage which has happened in the route from the outputting 
end A of the high-frequency power source 1 toward the load 
L to a maximum possible degree, enabling to prevent devices 
(not shown) in the high-frequency power Source 1 from being 
damaged by overvoltage or overcurrent caused by the 
reflected wave power. 

It should also be noted here that the directional coupler 12 
may be provided between the outputting end A of the high 
frequency power source 1 and the inputting end D of the 
matching section 17 of the impedance matching unit 2. 
The scope of the present invention is not limited by the 

above-described embodiments. Specific construction of the 
components in the high-frequency power Supply system 
according to the present invention may be varied in many 
different ways. 
The invention claimed is: 
1. A high-frequency power Supply system for Supplying 

high-frequency power from a high-frequency power Source to 
a load via an impedance matching unit, the system compris 
1ng: 

a first detector for detecting information about a forward 
wave traveling from the high-frequency power Source 
toward the load; 

a second detector for detecting information about a 
reflected wave traveling from the load toward the high 
frequency power source: 

a differentiator for calculating a change of a magnitude of 
reflection coefficient per unit time at a detection point 
provided for the first and second detectors based on the 
information about the forward wave detected by the first 
detector and the information about the reflected wave 
detected by the second detector; 

an anomaly determiner for determining an occurrence of 
an anomaly on a side toward the load as from the detec 
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tion point provided for the first and second detectors 
based on the change of the magnitude of reflection coef 
ficient per unit time calculated by the differentiator; and 

a determination prevention unit for preventing the anomaly 
determiner from performing a determining operation 
upon commencement of a power Supply operation of the 
high-frequency power source or upon a change made on 
an output power value setting during the power Supply 
operation, until a predetermined time period has passed. 

2. The high-frequency power Supply system according to 
claim 1, wherein the anomaly determiner determines the 
occurrence of an anomaly when the change of the magnitude 
of reflection coefficient per unit time exceeds a first predeter 
mined reference value. 

3. The high-frequency power Supply system according to 
claim 1, wherein the anomaly determiner includes a counter 
for counting the number of times when the change of the 
magnitude of reflection coefficient per unit time exceeds a 
first predetermined reference value, and determines the 
occurrence of an anomaly when the number of times counted 
by the counter exceeds a predetermined norm number. 

4. The high-frequency power Supply system according to 
claim 1, further comprising a calculator for calculating a 
magnitude of reflection coefficient at the detection point pro 
vided for the first and second detectors based on the informa 
tion about the forward wave detected by the first detector and 
the information about the reflected wave detected by the 
second detector, 

wherein the anomaly determiner determines the occur 
rence of an anomaly on the side toward the load as from 
the detection point of the first and second detectors 
based on the change of the magnitude of reflection coef 
ficient per unit time calculated by the differentiator and 
the magnitude of reflection coefficient calculated by the 
calculator. 

5. The high-frequency power Supply system according to 
claim 4, wherein the anomaly determiner determines the 
occurrence of an anomaly when the magnitude of reflection 
coefficient exceeds a second predetermined reference value 
and the change of the magnitude of reflection coefficient per 
unit time exceeds a first predetermined reference value. 

6. The high-frequency power Supply system according to 
claim 4, wherein the anomaly determiner includes: a first 
counter for counting the number of times when the change of 
the magnitude of reflection coefficient per unit time exceeds a 
first predetermined reference value; and a second counter for 
counting the number of times when the magnitude of reflec 
tion coefficient exceeds a second predetermined reference 
value; and determines the occurrence of an anomaly when the 
number of times counted by the first counter exceeds a first 
predetermined norm number and the number of times 
counted by the second counter exceeds a second predeter 
mined norm number. 

7. The high-frequency power Supply system according to 
claim 1, wherein the detection point provided for the first and 
second detectors is inside the high-frequency power source, 
in a transmission line from a high-frequency power output 
ting end of the high-frequency power source to a high-fre 
quency power inputting end of the impedance matching unit, 
or inside the impedance matching unit. 

8. The high-frequency power Supply system according to 
claim 1, further comprising an output power changer for 
changing an electric power outputted from the high-fre 
quency power source in a decreasing direction upon detection 
of the occurrence of an anomaly by the anomaly detector. 

9. The high-frequency power Supply system according to 
claim 8, wherein the output power changer Zeroes the electric 
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power outputted from the high-frequency power source upon 
detection of the occurrence of an anomaly by the anomaly 
detector. 

10. The high-frequency power Supply system according to 
claim 8, further comprising an output power resumption unit 
for bringing the electric power outputted from the high-fre 
quency power source back to an original amount after a lapse 
of a first predetermined time from the change made by the 
output power changer on the output power. 

11. The high-frequency power Supply system according to 
claim 10, further comprising a matching operation stopping 
unit for stopping a matching operation performed by the 
impedance matching unit and holding operation parameters 
upon the change made by the output power changer on the 
output power from the high-frequency power source. 

12. The high-frequency power Supply system according to 
claim 10, wherein the determination prevention unit prevents 
the anomaly determiner from performing a determining 
operation upon determination of the occurrence of an 
anomaly by the determiner, throughout a period of time while 
the output power changer changes the power output from the 
high-frequency power Source and the output power resump 
tion unit brings the power output back to the original amount, 
and further until the predetermined time period has passed. 

13. The high-frequency power Supply system according to 
claim 12, wherein the predetermined time period is longer 
than a time for the impedance matching unit to perform 
impedance matching between the high-frequency power 
Source and the load. 

14. The high-frequency power Supply system according to 
claim 1, wherein the information detected by the first detector 
is a power value of the forward wave and the information 
detected by the second detector is a power value of the 
reflected wave. 

15. The high-frequency power Supply system according to 
claim 1, wherein the information detected by the first detector 
is a voltage value of the forward wave and the information 
detected by the second detector is a voltage value of the 
reflected wave. 

16. A high-frequency power Supply system for Supplying 
high-frequency power from a high-frequency power Source to 
a load via an impedance matching unit, the system compris 
1ng: 

a first detector for detecting information about a forward 
wave traveling from the high-frequency power Source 
toward the load; 

a second detector for detecting information about a 
reflected wave traveling from the load toward the high 
frequency power source: 

a first differentiator for calculating a change per unit time 
of a magnitude of reflection coefficient at a detection 
point provided for the first and second detectors based on 
the information about the forward wave detected by the 
first detector and the information about the reflected 
wave detected by the second detector, 

a third detector for detecting an input Voltage to the load; 
fourth detector for detecting an input current to the load; 
a second differentiator for calculating a change of a mag 

nitude of impedance per unit time as viewed from a 
detection point provided for the third and fourth detec 
tors toward the load based on the input voltage detected 
by the third detector and the input current detected by the 
fourth detector; 

an anomaly determiner for determining an occurrence of 
an anomaly on a side toward the load as from the detec 
tion point provided for the third and fourth detectors 
based on the change of the magnitude of reflection coef 
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40 
ficient per unit time calculated by the first differentiator 
and the change of the magnitude of impedance per unit 
time calculated by the second differentiator; 

a determination prevention unit for preventing the anomaly 
determiner from performing a determining operation 
upon commencement of a power Supply operation of the 
high-frequency power source or upon a change made on 
an output power value setting during the power Supply 
operation, until a predetermined time period has passed. 

17. The high-frequency power Supply system according to 
claim 16, wherein the anomaly determiner determines the 
occurrence of an anomaly when the change of the magnitude 
of reflection coefficient per unit time exceeds a first predeter 
mined reference value and the change of the magnitude of 
impedance per unit time exceeds a third predetermined ref 
erence value. 

18. The high-frequency power Supply system according to 
claim 16, wherein the anomaly determiner includes: 

a first counter for counting the number of times when the 
change of the magnitude of reflection coefficient per unit 
time exceeds a first predetermined reference value; 

a third counter for counting the number of times when the 
change of the magnitude of impedance per unit time 
exceeds a third predetermined reference value; and 

wherein the anomaly determiner determines the occur 
rence of an anomaly when the number of times counted 
by the first counter exceeds a first predetermined norm 
number and the number of times counted by the third 
counter exceeds a third predetermined norm number. 

19. The high-frequency power Supply system according to 
claim 16, further comprising a calculator for calculating a 
magnitude of reflection coefficient at the detection point pro 
vided for the first and the second detectors based on the 
information about the forward wave detected by the first 
detector and the information about the reflected wave 
detected by the second detector; 

wherein the anomaly determiner determines the occur 
rence of an anomaly on the side toward the load as from 
the detection point of the third and fourth detectors 
based on the change of the magnitude of reflection coef 
ficient per unit time calculated by the first differentiator, 
the magnitude of reflection coefficient calculated by the 
calculator and the change of the magnitude of imped 
ance per unit time calculated by the second differentia 
tOr. 

20. The high-frequency power Supply system according to 
claim 19, wherein the anomaly determiner determines the 
occurrence of an anomaly when the change of the magnitude 
of reflection coefficient per unit time exceeds a first predeter 
mined reference value, the magnitude of reflection coefficient 
exceeds a second predetermined reference value and the 
change of the magnitude of impedance per unit time exceeds 
a third predetermined reference value. 

21. The high-frequency power Supply system according to 
claim 19, wherein the anomaly determiner includes: 

a first counter for counting the number of times when the 
change of the magnitude of reflection coefficient per unit 
time exceeds a first predetermined reference value; 

a second counter for counting the number of times when 
the magnitude of reflection coefficient exceeds a second 
predetermined reference value; and 

a third counter for counting the number of times when the 
change of the magnitude of impedance per unit time 
exceeds a third predetermined reference value; and 

wherein the anomaly determiner determines the occur 
rence of an anomaly when the number of times counted 
by the first counter exceeds a first predetermined norm 
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number, the number of times counted by the second 
counter exceeds a second predetermined norm number 
and the number of times counted by the third counter 
exceeds a third predetermined norm number. 

22. The high-frequency power Supply system according to 5 
claim 16, wherein the detection point provided for the first 
and the second detectors is inside the high-frequency power 
Source, in a transmission line from a high-frequency power 
outputting end of the high-frequency power source to a high 
frequency power inputting end of the impedance matching 10 
unit, or inside the impedance matching unit, the detection 
point provided for the third and the fourth detectors being in 
a transmission line from inside the impedance matching unit 
to the load. 

23. The high-frequency power Supply system according to 
claim 16, further comprising an output power changer for 
changing an electric power outputted from the high-fre 
quency power Source in a decreasing direction upon detection 
of an occurrence of anomaly by the anomaly detector. 

24. The high-frequency power Supply system according to 
claim 16, wherein the information detected by the first detec 
tor is a power value of the forward wave and the information 
detected by the second detector is a power value of the 
reflected wave. 

15 

25 25. The high-frequency power Supply system according to 
claim 16, wherein the information detected by the first detec 
tor is a voltage value of the forward wave and the information 
detected by the second detector is a voltage value of the 
reflected wave. 30 

26. A high-frequency power Supply system for Supplying 
high-frequency power from a high-frequency power source to 
a load via an impedance matching unit, the system compris 
ing: 

a first detector for detecting information about a forward 35 
wave traveling from the high-frequency power Source 
toward the load; 

a second detector for detecting information about a 
reflected wave traveling from the load toward the high 
frequency power source: 40 

an anomaly determiner for determining an occurrence of 
an anomaly on a side toward the load as from the detec 
tion point provided for the first and the second detector; 
and 

a determination prevention unit for preventing the anomaly 
determiner from performing a determining operation 
upon commencement of a power Supply operation of the 
high-frequency power source or upon a change made on 
an output power value setting during the power Supply 
operation, until a predetermined time period has passed. 

27. The high-frequency power Supply system according to 
claim 26, further comprising: 

a logarithmic reflection coefficient calculator for calculat 
ing a logarithm value of a reflection coefficient at a 
detection point provided for the first and second detec 
tors based on the information about the forward wave 
detected by the first detector and the information about 
the reflected wave detected by the second detector; 

a logarithmic reflection coefficient storage for storing the 60 
reflection coefficient logarithm value calculated by the 
logarithmic reflection coefficient calculator in Succes 
sion at a predetermined time interval; and 
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wherein the anomaly determiner determines the occur 
rence of an anomaly when a latest value stored in the 65 
logarithmic reflection coefficient storage is not smaller 
than a first predetermined reference value and a previous 

42 
value stored in the logarithmic reflection coefficient 
storage is not greater than a second predetermined ref 
erence value. 

28. The high-frequency power Supply system according to 
claim 26, further comprising: 

a logarithmic reflection coefficient calculator for calculat 
ing a logarithm value of a reflection coefficient at a 
detection point provided for the first and second detec 
tors based on the information about the forward wave 
detected by the first detector and the information about 
the reflected wave detected by the second detector; 

a logarithmic reflection coefficient storage for storing the 
reflection coefficient logarithm value calculated by the 
logarithmic reflection coefficient calculator in Succes 
sion at a predetermined time interval; and 

wherein the anomaly determiner includes a counter for 
counting the number of times when a latest value stored 
in the logarithmic reflection coefficient storage is not 
smaller than a first predetermined reference value and a 
previous value stored in the logarithmic reflection coef 
ficient storage is not greater than a second predeter 
mined reference value, and determines the occurrence of 
an anomaly when the number of times counted by the 
fourth counter exceeds a predetermined norm number. 

29. The high-frequency power Supply system according to 
claim 26, wherein the detection point provided for the first 
and second detectors is inside the high-frequency power 
Source, in a transmission line from a high-frequency power 
outputting end of the high-frequency power source to a high 
frequency power inputting end of the impedance matching 
unit, or inside the impedance matching unit. 

30. The high-frequency power supply system according to 
claim 26, further comprising: 

a logarithmic reflection coefficient calculator for calculat 
ing a logarithm value of a magnitude of reflection coef 
ficient at a detection point provided for the first and the 
second detectors based on the information about the 
forward wave detected by the first detector and the infor 
mation about the reflected wave detected by the second 
detector; 

a logarithmic reflection coefficient storage for storing the 
reflection coefficient logarithm value calculated by the 
logarithmic reflection coefficient calculator in Succes 
sion at a predetermined time interval; 

a third detector for detecting an input Voltage to the load; 
a fourth detector for detecting an input current to the load; 

and 
a second differentiator for calculating a change of a mag 

nitude of impedance per unit time as viewed from a 
detection point provided for the third and the fourth 
detector toward the load based on the input voltage 
detected by the third detector and the input current 
detected by the fourth detector; 

wherein the anomaly determiner determines the occur 
rence of an anomaly on a side toward the load as from the 
detection point provided for the third and fourth detec 
tors based on a latest value and a previous value stored in 
the logarithmic reflection coefficient storage, and the 
change of the magnitude of impedance per unit time 
calculated by the second differentiator. 

31. The high-frequency power Supply system according to 
claim 30, wherein the anomaly determiner determines the 
occurrence of an anomaly, when the latest value stored in the 
logarithmic reflection coefficient storage is not smaller than a 
fourth predetermined reference value, the previous value 
stored in the logarithmic reflection coefficient storage is not 
greater than a fifth predetermined reference value and the 



US 7,796,368 B2 
43 

change of the magnitude of impedance per unit time exceeds 
a third predetermined reference value. 

32. The high-frequency power Supply system according to 
claim 30, wherein the anomaly determiner includes: a first 
counter for counting the number of times when the latest 
value Stored in the logarithmic reflection coefficient storage is 
not smaller than a first predetermined reference value and the 
previous value stored in the logarithmic reflection coefficient 
storage is not greater than a second predetermined reference 
value; and a third counter for counting the number of times 
when the change of the magnitude of impedance per unit time 
exceeds a third predetermined reference value; and wherein 
the anomaly determiner determines the occurrence of an 
anomaly when the number of times counted by the first 
counter exceeds a first predetermined norm number and the 
number of times counted by the third counter exceeds a sec 
ond predetermined norm number. 

33. The high-frequency power Supply system according to 
claim 30, wherein the detection point provided for the first 
and the second detector is inside the high-frequency power 
Source, in a transmission line from a high-frequency power 
outputting end of the high-frequency power source to a high 
frequency power inputting end of the impedance matching 
unit, or inside the impedance matching unit, the detection 
point provided for the third and the fourth detector being in a 
transmission line from inside the impedance matching unit to 
the load. 

34. The high-frequency power Supply system according to 
claim 26, further comprising: 

a reflection coefficient calculator for calculating a magni 
tude of reflection coefficient at a detection point pro 
vided for the first and second detectors based on the 
information about the forward wave detected by the first 
detector and the information about the reflected wave 
detected by the second detector; and 

a reflection coefficient storage for storing the reflection 
coefficient value calculated by the reflection coefficient 
calculator in Succession at a predetermined time inter 
val; 

wherein the anomaly determiner determines the occur 
rence of an anomaly on a side toward the load as from the 
detection point provided for the first and second detec 
tors based on the latest value and the previous value 
stored in the reflection coefficient storage. 

35. The high-frequency power Supply system according to 
claim 34, wherein the anomaly determiner determines the 
occurrence of an anomaly when a latest value Stored in the 
reflection coefficient storage is not smaller than a first prede 
termined reference value and a previous value stored in the 
reflection coefficient storage is not greater than a second 
predetermined reference value. 

36. The high-frequency power Supply system according to 
claim 34, wherein the anomaly determiner includes a counter 
for counting the number of times when a latest value stored in 
the reflection coefficient storage is not smaller than a first 
predetermined reference value and a previous value stored in 
the reflection coefficient storage is not greater than a second 
predetermined reference value, and determines the occur 
rence of an anomaly when the number of times counted by the 
counter exceeds a predetermined norm number. 

37. The high-frequency power Supply system according to 
claim 34, wherein the detection point provided for the first 
and second detectors is inside the high-frequency power 
Source, in a transmission line from a high-frequency power 
outputting end of the high-frequency power source to a high 
frequency power inputting end of the impedance matching 
unit or inside the impedance matching unit. 
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38. The high-frequency power Supply system according to 

claim 26, further comprising: 
a reflection coefficient calculator for calculating a magni 

tude of reflection coefficient at a detection point pro 
vided for the first and second detectors based on the 
information about the forward wave detected by the first 
detector and the information about the reflected wave 
detected by the second detector; 

a reflection coefficient storage for storing the reflection 
coefficient value calculated by the reflection coefficient 
calculator in Succession at a predetermined time inter 
val; 

a third detector for detecting an input Voltage to the load; 
a fourth detector for detecting an input current to the load; 

and 
a differentiator for calculating a change per unit time of a 

magnitude of impedance as viewed from a detection 
point provided for the third and fourth detectors based on 
the input voltage detected by the third detector and the 
input current detected by the fourth detector; 

wherein the anomaly determiner determines the occur 
rence of an anomaly on a side toward the load as from the 
detection point provided for the first and second detec 
tors based on a latest value and a previous value stored in 
the reflection coefficient storage, and the change of the 
magnitude of impedance per unit time calculated by the 
second differentiator. 

39. The high-frequency power Supply system according to 
claim 38, wherein the anomaly determiner determines the 
occurrence of an anomaly when the latest value stored in the 
reflection coefficient storage is not smaller than a first prede 
termined reference value, the previous value stored in the 
reflection coefficient storage is not greater than a second 
predetermined reference value and the change of the magni 
tude of impedance per unit time exceeds a third predeter 
mined reference value. 

40. The high-frequency power Supply system according to 
claim 38, wherein the anomaly determiner includes: a first 
counter for counting the number of times when the latest 
value stored in the reflection coefficient storage is not smaller 
than a first predetermined reference value and the previous 
value Stored in the reflection coefficient storage is not greater 
than a second predetermined reference value; and a second 
counter for counting the number of times when the change of 
the magnitude of impedance per unit time exceeds a third 
predetermined reference value; and determines the occur 
rence of an anomaly when the number of times counted by the 
first counter exceeds a first predetermined norm number and 
the number of times counted by the second counter exceeds a 
second predetermined norm number. 

41. The high-frequency power Supply system according to 
claim 38, wherein the detection point provided for the first 
and second detectors is inside the high-frequency power 
Source, in a transmission line from a high-frequency power 
outputting end of the high-frequency power source to a high 
frequency power inputting end of the impedance matching 
unit or inside the impedance matching unit, the detection 
point provided for the third and the fourth detector being in a 
transmission line from inside the impedance matching unit to 
the load. 

42. The high-frequency power Supply system according to 
claim 26, further comprising an output power changer for 
changing an electric power outputted from the high-fre 
quency power source in a decreasing direction upon detection 
of an occurrence of an anomaly by the anomaly detector. 

43. The high-frequency power Supply system according to 
claim 26, wherein the information detected by the first detec 
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tor is a power value of the forward wave and the information tor is a voltage value of the forward wave and the information 
detected by the second detector is a power value of the detected by the second detector is a voltage value of the 
reflected wave. reflected wave. 

44. The high-frequency power Supply system according to 
claim 26, wherein the information detected by the first detec- k . . . . 


